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SOME EEj\IARKS ON THE TECHNIQUE IN CLINICAL 
ELECTROCARDIOGRAPHY WITH PRECORDIAL 

DERIVATION’^' 

Kaj H. Larsen, M.D. 

Copenhagen, Denmark 

A mong other properties the following have contributed to the hither- 
^ to prevailing employment of derivations from the extremities in 
clinical electrocardiography; 1. The relative^ imiform appearance of 
these derivatives in normal persons, e.g., the P- and T-wavcs are always 
positive in Leads I and II. 2. Their constant form on repeated exam-.;,, 
inations of the same person, owing to the fact that even considerable 
changes in the localization of the electrodes on the extremities and in 
the position of the subject give but very slight changes in the form of 
the curves. 

In the choice of precordial derivations for routine employment it 
\vill i 3 e expedient to select leads that have the same properties as far as 
possible. 

The preeordial derivations now employed are all “semidirect” (Wil- 
son and associates^G or “unipolar” (GroedeP), meaning that one elec- 
trode (the principal) is placed on the precordium (just over the heart 
or in its immediate vicinity), Avhile the other electrode (the indifferent) 
is placed so far away from the heart that the variations of potential at 
that point are very small in proportion to the variations on the prin- 
cipal electrode. The ideal would be an indifferent electrode with the 
potential constantly == 0. But the human body has no region where 
every individual shows complete absence of potential variations due to 
the heart action. Nor is an ideal zero electrode obtainable after the 
method given by Wilson and collaborators^^ or bj’- Storti.^® 

The significance of the location of the indifferent electrode to the 
form of the electrocardiogram is evident from Figure 1, which shows 
different precordial derivations in a man, aged twenty-one years, with- 

*From the University Medical Clinic B, Ri&shospital, Copenhagen. (Chief: Pro- 
fessor E. Warburg, M.t).) 
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out any circulatory disturbance.. All the electrocardiograms are taken 
with the amplifier electrocardiograph described eaiiier by Larsen.^ 
Each picture shows two derivations taken at the same time. No change 
whatever Avas made in the location of the principal electrode, while the 
place of the indijferent electrode Avas A'aried as recorded in the legend 
of the figure. It Avill be noticed that tlie P- and T-waves in botli 
derh-ations are distinctly positiA'e Avhen the indifferent electrode is 
placed on the right arm, Avhile this is not the case Avith the other local- 
izations. (Li B, Td is “humpy,” in G, Ps is isoelectric, in E, Td is 
“humpy,” and in F, Pd and Ps are diphasic, Td, negative.) Exam- 
ination of five other normal subjects shOAved similar conditions. If Ave 
Avish to employ only one localization of the indifferent electrode, it Avill 
therefore, according to the Anew set forth in the introduction, appear 
to be most expedient to choose the electrode of the right arm for indif- 
ferent electrode. It has been my experience A\nth a feAV hundred nor- 
mal adults that, AA'ith this localization of the indifferent electrode, the 
P- and T-Avaves ahvays arc positive — at any rate Avith the given local- 
izations of the principal electrode. That other localizations of the in- 



Flff. 1. — Derivations from the extremities and various semidlrect precordial deriva- 
tions in a man aged twenty-one years, without circulatory' disturbances. 

A; Derivations from the extremities. 

B-F; Prccordlal derivations. In derivation d the different electrode was placed 
every time at the lower left corner of the sternum, in deriv.ation * it was placed every 
time with its center 4 cm. lateral to, and at a le\'e! with, the apex of the heart. 
The Indifferent electrode In B was AVllson's electrode,* In C it was an electrode .at 
the angle of the right scapula, in it was the electrode on the right arm, in E, the 
electrode on the left arm, and in F, the electrode on the left leg. 

Timer = 0.0.1 sec. 1 millivolt = ca. 20 mm. In the original. 


different electrode git’e a moi'e variable foim to the P- and T-Avaves is 
also evident from the .studies on normal adults reported by Goldbloom,^ 
Katz and Kissin,'* Jlaster," and Shipley and Hallaran.® To use the 
right-arm electrode for indifferent electrode also offers the advantage 
that the deflections become greater in this Avay than Avith any other 
locabzation of the indifferent electrode (Einthoven and de Lint,’ 
Eoth,® the AAT’iter’s oaati experience). 

As to the localization of the principal electrode it may be said gen- 
erally that larger AvaA-es are obtained by derivation from the pre- 
cordium proper than by deriA'ation a little outside the heart borders, 
and that a displacement of the electrode in the former location giA'es 

•AA'llBon’.«'= electrode is formed by Joining the electrode.*! on the right arm, left 
arm. and left leg through resistances of 5,000 ohms (in eair clinic 10,000 ohma) and 
using this Junction for indifferent electrode. 
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greater clianges in tlie form of tlie electrocardiograms than does an 
equal linear displacement of the electrode in the latter place. The 
last point is illustrated plainly in Figure 2 (note legend) : examina- 
tion of two other persons showed similar conditions. So it is to he 



Fig’. 2. — Precordial derivations from a man, aged thirty -five years, \s’ith rheumatic 
aortic disease. 

In A the principal electrode in Lead d was placed at the lo’w'er left corner of the 
sternum, in Lead s its center -was localized 4 cm. lateral to. and at a level ■s\'ith, the 
apex of the heart, in Lead s’ it was placed over the apex of the heart. The electrode 
on the right arm sers'ed as indifferent electrode. In the following records (B-E) the 
electrodes are shifted (electrode d: 1.5 cm. electrodes s and s': 3 cm.) respectively 
to the right in B, to the left in Cj upwards in D, and downwards in E. 

in this way. Lead s' shows greater variations than Lead s. 

Timer = 0.05 sec. 1 millivolt = ca. 20 mm. in the original. 


Size of the :more Important Waves in Figure 2, in mm. 
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Pig. 3. — The upper row shows the precordial derivations d and s in a man, aged 
twenty -one years, without circulatoiy disturbances, the lower row shows the same 
derivations in a man aged thirt>'-flve years, with rheumatic aortic disease. 

In A the subject is lying on his back (ordinary posture), in B he is half lying 
on his right side, (7, half lying on his left side, Z), half sitting, E, sitting. 

Timer = 0.05 sec. 1' millivolt = ca. 20 mm. in the original. 
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pointed out that derivation from a place a little lateral to the apex of 
the heart implies a greater possibility of uniformity of the curves, on 
repeated examinations, than may be obtained with derivation from the 
apex of the heart. 

The localizations most commonly employed for the principal elec- 
trode are the apex of the heart and the left fourth intercostal space, 
just at the border of the sternum. The witer employs the derivations 
given by Groedel,^ namely: from the lower left corner of the sternum 
to the right arm (Lead d), and from a point (i.e., the center of the 
electrode) 4 cm. lateral to, and at a level with, the apex of the heart to 
the right arm (Lead s). Groedel takes his derivations to present poten- 
tial variations in relation to the variations of potential in the right and 
left ventricles, respectively. Figure -3 illustrates how little the form of 
the electrocardiograms irith these derivations is influenced by differ- 
ences in the positions of the subjects (note legend). Forced breathing 



■pig. 4. — Electrode for the taking- of precordfal derivations. 

and slow deep breathing gave no particular changes in the curves. For 
particular study of the P-wave (block and auricular fibrillation) the 
uTiter uses a derivation from the right third intercostal space, just at 
the sdernal margin, to the right arm. 

In routine electrocardiography with precordial derivations, the elec- 
trode depicted in Figure 4 has been of great help to us. After the 
derivations from the extremities are taken in the usual manner, the 
left-arm lead of the electrocardiograph is fa.stened — in keeping irith 
the rule formulated by Larsen and Warburg'"' — to the precordial elec- 
trode, and the desired jirecordial derivation is taken as Lead I. The 
method requires an assistant to hold the electrode firmly against the 
given spot on the thorax — but anybody present may serve as assistant. 
The diameter of the metal plate is 3 cm. There irill hardly be any rea- 
son to use electrodes of smaller diameters; be,side.s, smaller diameters 
would also make it more difficult to make the cur\'es look alike on re- 
peated examinations, for it is found that, with equal linear displace- 
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ment of a large electrode and a small one (i.e., displacement of their 
centers), the smaller electrode gives greater changes in the form of the 
curves than does the large electrode. An example of this is shown in 
Figure 5 (note legend), and the same was found on examination of 
two other persons. 

SUMMARY 

The most favorable localization of tlie indifferent electrode in semi- 
direct precordial derivations is the right arm, because tliis localization 
gives a more uniform appearance of the electrocardiograms of normal 
adults and greater deflections than other localizations of the indiffer- 
ent electrode. 

It is shown that the form of the precordial derivations d and s given 
by G-roedel is only little changed by minor variations in the position 
of the patient and in the localization of the electrodes. 



Fig-. 5. — Precordial electrocardiograms from a man, aged t-n'enty-one years, with- 
out circulatory disturbances. 

Upper ro-yy: A gives the derivations d and s. In the following pictures (JS-B) the 
centers of the electrodes have been shifted — electrode d, 1.5 cm., electrode s, 3 cm., 
respectively, to the right -in S, to the left in 0, upwards in D, and downwards in E. 
An electrode of 6 cm. in diameter was used in taking derivation s. 

Lower row: An electrode of 3 cm. is used in taking derivation s’, the center of 
this electrode being placed on the points -where the center of electrode s was placed 
in taking the upper row. 

On comparison of derivations s and s', the variations on the size of the -waves are 
seen to tlie greatest in derivation s'. 

Timer = 0.05 sec. 1 millivolt = ca. 20 mm. in the original. 


Size of the More Importaxt "Waves in* Figure 5, ix jim. 
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A handy electrode for the routine taking of precordial derivations 
is shown, and the effects of variations in the size of the electrode are 
demonstrated. 
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A RATIONAL PRINCIPLE FOR THE CONNECTIONS OP THE 
LEADS OF THE ELECTROCARDIOGRAPH IN CLINICAL 
ELECTROCARDIOGRAPHY YHTH PRECORDIAL 

DERIVATION* 

Kaj H. Larsen, M.D., and Erik J. Warburg, M.D. 

■ Copenhagen, Denmark 

S INCE Wolferth and Wood^®- in 1932 and 1933 reported their 

emplojonent of preeordial derivations in clinical electrocardiog- 
raphy, this question has attracted considerable interest, as is evident 
from a great number of papers from all parts of the world. Under 
the circumstances therefore it is highly desirable that a uniform tech- 
nique for the talcing of precordial electrocardiograms should be adopted 
in order that tracings everjuvhere maj’- be standardized and comparable. 

Wolferth and Wood connect the lead of the electrocardiograph for 
the right arm to the principal electrode (nearest the heart), and the 
lead for the left leg to the indifferent (remote) electrode,- with such a 
connection, the T-wave in normal adults is inverted, and hence the 
electrocardiogram -will look like a mirror image when compared with 
the leads from the extremities. A great many investigators have em- 
ployed this connection of the leads, e.g., Goldbloom,® Hoffman and 
Delong,® Katz and Kissin,^ Lev^’- and Bruenn,® Master,^^ Rosenblum 
and Sampson,^^ Shipley and Hanaran,^"* and AVilson and his asso- 
ciates.^® Others have found it more practical and in principle more 
proper to have the normal T-wave recorded in the same direction in 
precordial derivations as in derivations from tlie extremities, and hence 
they have arranged the leads reversely, i.e., have connected the lead 
for the right arm to the indifferent electrode and the lead for the left 
arm or left leg to the precordial electrode — as is done, among others, 
by Groedel,"* JerveU,® Liberson and Liberson,^® and Roth.^® No doubt, 
one can accustom oneself to normal negative T-waves (i.e., dovmward 
deflections of the curve) as well as to normal positive T-waves, but it 
takes a very considerable training in reading electrocardiograms as 
fast and correctly as usual, if they are taken now in one way, then in 
, another. Moreover, as long as there is no established rule for this pro- 
cedure, one must always have information about the connection of 
the leads. 

As is well Imown, EinthoveiU’ - followed the rule that the corineetion 
of the leads, the polarity of the galvanometer, and the direction of the 

•From the University Medical Clinic B, Rigshospital, Copenhagen. (Chief J?ro-. 
fessor E. Warburg, M.D.)' ‘ 
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movement of the photographic film shall agree mutually in such a way 
that a negative potential impressed upon the right-liand or cranial 
electrode is registered on the curve as an upward deflection, when the 
curve is read from the start (at the left) toward the right. This prin- 
ciple is not directly applicable to precordial derivations, however, for 
then a negative potential impressed on the preeordial electrode will be 
registered as an upward deflection of the curve if tlie indifferent elec- 
trode is localized to the left or caudally to the precordium (for example 
on the left leg), but as a downward wave if the indifferent electrode 
is localized to the right or cranially to the precordium (e.g., on the 
right arm). As it is agreed in general that the variations of potential 
at the precordial electrode are so great in proportion to the variations 
of potential at the indifferent electrode as to determine in all essentials 
the appearance of the preeordial electrocardiogram, it seems irrational 
that this dominating potential in some preeordial derivations is regis- 
tered as an upward wave on the curve, in others as a doumward wave. 
On the other hand, it would be a rational thing to adopt the following 
rule : 

The connection of the leads, the polarity of the galvanometer and the 
direction of the movement of the photographic film are to agree mu- 
tually in such a way that a negative potential impressed on the ( chest) 
electrode is recorded on the curve as a downward deflection, the curve 
being read from the start (at left) toward the right. 

This is in keeping with the general principles of graphic recording. 
This rule is observed if, on an oi’dinary electrocardiogram, the lead for 
the right airni is connected to the indifferent electrode, while one of the 
other leads is connected to the principal electrode. 

The leads employed by Wolferth and Wood ai’e contrary to the above 
rule, as an upward deflection of the curve in their electrocardiogram 
means that the preeordial electrode has been negative in relation to the 
indifferent electrode, Wolferth and Wood adopted this method be- 
cause they wanted the greatest po.ssible similarity between their curves 
from patients with infarction of the heaif and their curves from ani- 
mals with experimental infarcts, and in their introductory animal ex- 
periments, for no given reasons, these investigators had connected the 
lead for the right arm to the principal electrode. 

By following the rule enunciated above we get preeordial electro- 
cardiograms to which the nomenclature given by Einthoven,* and now 
employed everj^where, is directly applicable; whereas this is associated 
w’ith some difficulties in preeordial electi’ocardiograins taken with the 
opposite connection of the lead.s. After Einthoven, the flr.st wave in 
the initial complex is designated as Q if it points dovoiward, and as 
R if it points upward, while a do\%'nward wave that comes after an 
upward is designated as S, as S is also designated the downward wave 
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in cases when there is no upward wave at all. In normal persons, as is 
well Imown, E, is the most constant and highest wave in the initial 
complex in derivations from the extremities. 

That this is the case also in many precordial leads taken according 
to the rule given above, is evident from illustrations presented in a 
paper on precordial leads by Kaj H. Larsen.® If the electrocardio- 
grams shoivn in these pictures had been taken with the opposite con- 
nection of the leads, tlie most constant and greatest wave in the initial 
complex would have pointed dovmward, and then it would have to he 
designated, after Einthoven, as Q or S, depending on whether or not 
it was preceded bj’- an upward wave. But to designate this constant 
Avave as Q or S must he said to be irrational, as in reality it is an 
•R-wave, being sjaichronous Avith the R-Avaves in deriAmtions from the 
extremities. This is seen in S 3 Tichronous electrocardiograms taken Awth 
precordial derivation and Avith derivation from the extremities as sIioaati, 
for example, in the aforementioned paper hj^ Kaj H. Larsen, Fig. 5, 
loAver roAV. 


SUMMARY 

A hard and fast rule for the making of precordial electrocardio- 
■ grams has been given which insures that the direction of tlie AAmves Avill 
be in conformity Avith the rules general!}^ applied to the registration 
of events in the standard leads. 
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HEART MUROTBS 
Prom the Viewpoint op an Actuary 

Arthur Hunter, LL.D. 

New York, N. Y, 

ECENTLY I had occasion to review the medical literature on the 

^ subject of heart murmurs, with especial regai-d to the effect on 
longevity. To my surpi-ise I was unable to find any comparison made 
by a heart specialist of the death rates among persons with heart 
murmurs in relation to the nonnal mortality, i.e., no statement had 
appeared of the extra mortality based on experience. j\Ioreover, I did 
not see anj" reference to the extensive investigations made by the life 
insurance companies, through the cooperation of their medical direc- 
tors and actuaries. The pui-pose of this article is to give the medical 
profession a synopsis of the mortality expei'ienees of tliese companies, 
prepared without bias and forming tlie bases for the insurance of lives 
for many millions of dollars. 

Probably the reason for the failure to refer to medico-actuarial in- 
vestigations is that pliysieians and surgeons do not sufficient]}’’ under- 
stand the object sought, the nature of the matei’ial available for study, 
and the method used in presenting the results of the analysis, each 
of which I shall now consider. With regard to the first mentioned, 
the companies desire to obtain information which will enable them 
to value the applicant’s pro.spect of longevity; accordingly it is neees- 
sar}' to segregate the eases in which there apparently is organic disease 
and those with the so-called functional mui’mur. The companies can 
then determine ivhat eases should be accepted at the regular rate of 
premium and which should be charged an extra premium on account 
of the additional hazai’d. This involves the valuation of applicants 
with heart defects according to the hi.story and the physical signs. 
What is the meaning of a munnur’? To what extent will statistics 
show that the longevity is modified by the presence of an abnormality? 
Is it scientifically possible to place the applicants in groups according 
to the deviations from standards accepted as normal and to insure 
them on a basis which is fair to them and to the company? 

Cooperative Investigation . — ^With regard to the material available 
for study, life insurance companies have separate departments for 
mortality investigations and have records based on codes covering a 
large number of lives, such records being in the shape of perforated 
cards handled by modem machinery. They can follow the policyholder 

•vice pre-'Ident and chief actuarj’. New' York Life In.'surance Co. 


10 


HUNTEE : HEART MURMURS 


11 


until death, at which time the cause is obtained, or until he gives uji 
his policy. For a generation the life insurance companies have been 
making cooperative studies, combining their material, and since 1909 
there has been a committee of actuaries from the Actuarial Societj'’ 
of America and of phj'sicians from the Association of Life Insurance 
Medical Directors in charge of these statistical researches. During 
that period many reports haA'e been published, covering persons with 
all the principal types of impairment and those in hundreds of oeeui^a- 
tions involving hazard. For example, the volumes published in 1931 
and 1932, entitled ‘‘Medical Impairment Study” (hereafter designated 
as BI.I.S.), covered 2,100,000 policies in 125 groups or classes, involving, 
for instance, persons with heart murmurs, tuberculous family histoiy, 
high blood pressure, rapid pulse, albuminuria, those with a histoiy of 
renal colic, SA^philis, gastric ulcers and all the gamnt of human afflictions. 

Method of Determining the Belative Mortality . — The method of pre- 
senting the statistics is veiy simple and does not require technical 
knowledge to understand. All that the readers need to know is that 
the mortality for the class under consideration is expressed in relation 
to the normal mortality, which is the death rate among “standard” 
risks. 

At this point let me state that “standard risks” are those presenting 
no impairments or such minor ones that the.v are accepted at the 
regular premium rates, while “substandard” are those which present 
impairments of a more serious nature and hence are charged an extra 
premium or limited in some other wa^*. If, for example, the relative 
mortality, taking account of the age of the insured and the duration 
of the insurance, was stated to be 150 per cent, it means 50 per cent 
higher than the normal or standard mortality; and this is the same 
as an extra death rate of 50 per cent. Thus, if the extra mortality 
among persons with a certain type of heart murmur Avas 50 per cent, 
then the companies had 50 per cent more deaths than among a cor- 
responding group of lives considered to be “standard” or normal. 
Another Avay to look at the method of recording relattye mortality is, 
that if the extra mortality Avere 50 per cent then there Avould be 150 
deaths in the heart group against 100 in a similar group of the same 
ages and duration of insurance but without that impairment. Li this 
article I shall ahvays refer to the extra mortality in each class. The 
physician in reading this article need not concern himself Avith the 
Amrious mortality tables used in determining the normal death rate. 
The general mortality of the insurance companies has improA-ed but 
the ratios noAV presented take account of such changes. From the 
foregoing explanation it Avill be seen that the mortality among “stand- 
ard Ityes” represents the “control” group against AAdiich all abnormal 
classes are measured. 
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In dealing with the mortality I refer to that from all causes among 
persons, who, when insured, showed some abnormality of tlie cardio- 
vascular system. In several of the classes the death rate from heart 
disease will he given. 

Is' omenclatwe . — ^With the purpose of separating the applicants hav- 
ing organic heart disease from those vdthout it, the insurance com- 
panies, in the years prior to 1925, coded heart murmurs under func- 
tional, mitral regurgitation, aortic regurgitation, and aortic obstruc- 
tion. The clinical criteria for separating organic heart disease from 
nonorganic or functional are not well defined. For example, given a 
systolic mui-mur at the apex, does the fact that the murmur is trans- 
mitted lend weight to the probability that the mtu-mur is caused by 
an organic defect? Or again is the same kind of a murmur associated 
■ivith enlargement of the heart more .significant than when this mur- 
mur is found in a heart of normal size? It was questions of this nature 
that led the companies in 1925 to adopt a new method of coding. In 
that 3 ’’ear they began to regard the heai-t impairments according to 
the clinical description of the murmur found bj' the medical examiner. 
An outline is presented in which the old and new methods of classi- 
fication are compared approximately: 


Classification Prior to 1925 Classification of 1925 and Later 


Functional Murmurs 


I\Iitral Kegurgitation 
Mitral Obstruction 
Aortic Obstruction 
Aortic Regurgitation 


Apex murmur, systolic, constant, 
not transmitted. 

Apex murmur, systolic, inconstant. 

Basic murmur, aortic area, .systolic, 
constant, not transmitted. 

Basic murmur, aortic area, .systolic, 
inconstant. 

Basic murmur, pulmonic area, .sj'.stolic, 
constant, not transmitted. 

Apex murmur, sy.stolic, constant, 
transmitted to the left. 

Apex murmur, pre.systolic or 
diastolic, constant. 

Basie murmur, aoi’tic area, sj'stolie, 
constant, transmitted upward. 

Ba.sic murmur, aortic area, dia.stolic, 
constant, transmitted downward. 


To aid in understanding the methods of the companies a special form 
of medical examination in connection vdth the heart appears in the 
appendix.* 


•Special Instructions for examination of the circulatory system arc plven in a 
booklet issuc<l by the meJIcal department for the i^idance of our examiners in 
maklnp examlnation.s for the company- A copy of tlic.se In.structlons Is included in 
the appendix. 
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RESULTS OP STUDIES 

In order to give an idea of the importance to be attached to each 
group, the number of deaths will be shown. In Table I the two prin- 
cipal classes in this study (M.I.S.) of the so-called functional murmure 
are given separately and the other two are combined — all cases being 
■without hypertrophy. 

Table I 


TYPE OF MURMiUR — ^NOT TRANSMITTED ' 

NUMBER OP 

DEATHS 

EXTRA MORTALITY 
OVER NORMAL, % 

A. Constant systolic apex murmur 

B. Constant systolic basic murmur, pulmonic 

234 

56 

area 

C. Inconstant systolic apex murmur, also con- 

124 

i 12 

stant systolic basic murmur, aortic 
area 

94 

35 


A fifth class closely related to these — ^inconstant systolic basic mur- 
mur in the aortic area was not studied in the M.I.S. 

An interiiretation of Table I may be of value at this point. The 
deaths among persons with a constant sj^stolic apex murmui', not 
transmitted, were 234 but there would have been only 150 in a cor- 
responding group -without that impairment. Therefore the relative 
mortality was 156 per cent or an extra death rate of 56 per cent. 

The material in Table I included only those lives which had been 
charged an extra premium on account of the impainnent (substandard 
risks). If the data on risks accepted at the regular rate (standard) 
had been mcluded along Avith the substandard, the mortality Avould 
probably have been lower, as they were assumed to be the best grade 
only. 

The published experiences of life insurance companies have shown 
an increasing relative mortality with advancing age under those clas- 
sified as “functional” murmurs. For organic murmurs the reverse 
has generally been noted. The cases classed as constant systolic apex, 
not transmitted, in Table I apparently contained an appreciable pro- 
portion of murmurs due to organic changes which has had its effect 
upon the percentages when arranged by age of the life insured. This 
is indicated in Table II, where classes B and C have been combined. 


Table II 

"Functiokal” Heart Mtjbxiuks — ^Without Hypertrophy. Experiexce of 

Principal Companies to 1928 



A — CONSTANT SYSTOLIC APEX 
MURMUR 

B AND C — OTHER JIURMURS MORE 
TRULY' “functional” 

AGES AT DATE 

NUJIBER OF 

EXTRA MORTAL- 
ITY OVER 

number of 

extra mortal- 
ity 0\'ER 

OF ISSUE 

DEATHS 

NORMAL, % 

DEATHS 

normal, % 

15 to 34 

103 

84 

85 

1 

35 to 44 

68 

61 

65 

16 

45 and over 

63 

22 

OS 

68 

All 

234 

56 

218 

21 
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It seems probable that a marked proportion of the cases in group 
A were munnurs due to organic lesion, although no evidence, other 
than the murmur, was found by the medical examiner. In the group 
obtained by combining B and C the moi'tality is distinctly above the 
standard or normal except at the j’ounger ages. This is in accordance 
with medical expectation where the murmurs at the younger ages are 
frequently associated with adolescence. Opinions differ, however, with 
regal’d to the middle and older ages. Is the extra mortality due to 
errors in diagnosis or do some of those classified as “functional” 
murmurs presage organic lesions? 

The insurance companies recognize that all of the five murmurs are 
not of equal significance. Several companies, for example, treat ap- 
plicants with an inconstant systolic apex murmur and those with a 
constant systolic basic murmur over the pulmonic area, slightly more 
liberally than those with the other three types of “functional” mur- 
murs. Perhaps ivhen moi*e data have accumulated, a different align- 
ment may be found. 

An investigation made this year by the New York Life Insurance 
Company showed an extra mortality of 39 per cent (217 deaths) in 
the group of constant systolic apex munnurs not transmitted, accepted 
as impaired i-isks and an appropriate additional premium charged 
therefor. When the matei-ial was divided into .policies issued from 
1915 to 1924 and those from 1925 to 1934 the corapanj^ had a more 
favorable experience in the latter than in the former, probably due to 
better diagnosis. A very carefully selected group with this heart de- 
fect might have a moi'tality only slightly above the normal. 

In dealing with a large class there are many subdivisions, reflecting 
the variations from the average mortality. If, for example, the extra 
mortality in a class of heart mui-murs was 50 per cent, a subdivision 
into several categories might indicate an extra 25 per cent in the one- 
tenth most favorable cases and 75 per cent among the one-tenth least 
favorable. 

Judging from the experience of the life insurance companies a func- 
tional murmur should not be disregarded, certainly not after middle 
life. The companies have a method of rating each risk, whereby dif- 
ferentiations are made not only by type of murmur but also by age. 
For example, the extra mortality might be assumed to be 10 per cent 
at age 30 for a person with a constant systolic apex murmur not trans- 
mitted, but 35 per cent at age 45. 

An analysis of the causes of death in the collective investigation 
(]\I.I.S.) shows that there were 94 deaths from organic disease of the 
heart among the eases accepted at sub.standai'd rates with functional 
murmui's, and there would have been 23 deaths in a corresponding 
group of lives without that impairment. In other words, the death 
rate from organic heart disease was four times the nonnal. 
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Organic Heart Murmurs . — ^In the preceding section we have con- 
sidered the so-called functional murmurs and shall now turn to the 
organic ones. I am conscious of the differences of opinion among the 
specialists with regard to the importance of the sj^stolic murmur. 
There have been wide ranges in thought from the early days when 
such a murmur was considered to indicate clearly some damage to 
the organ, to^a recent period when it was stated by certain authorities 
to be of minor importance. I am not so much concerned, however, with 
these diverse opinions as with the actual mortality results of insuring 
persons with the various types of murmur. In determining the con- 
dition of the heart the companies must rel.y on examinations made by 
men of widely different backgrounds, ranging from ]3h3^siciaus with 
ordinary training to the highest specialists in the profession. The 
statistical evidence, therefore, is based on the aggregate opinion of the 
medical profession, and, on the average, the companies get a reasonahlj" 
correct statement of the clinical condition as thej’ select their ex- 
aminers carefully. The physician in the small town or in the country 
district may not have the specialized training of his metropolitan 
brother, hut he is likelj^ to have a valuable knowledge of the appli- 
cant’s habits and manner of life. 

Among applicants for life insurance the most common form of heart 
murmur is a constant sj’stolic apex murmur, transmitted to the left. 
The data were divided according to degree of enlargement of the heart 
(hypertroph}'’) but no exact definition can be given of slight or 
moderate hj^'pertrophy."* 

The results of the cooperative investigation made bj’’ the principal 
companies is given in Table III. 


Table III 

Medical Isipairment Study (1929) 

Constant Systolic Apex Murmur, TRANSiiiTTED to Left 



NUJIBEU OF 

EXTRA MORTALITY 


DEATHS 

OVER NORMAL, % 

Without hypertrophy 


124 

With slight hypertroplw 


134 

With moderate hypertropliy 


376 


The opinion held twenty-five or more jmars ago that moderate hyper- 
trophy was of little moment if propeity^ compensated is evidently 
ineoiTeet. In fact the experience of the companies seems to show that 
the extent of the h 3 ^pertroph 3 ^ indicates the degree of the valvular 
damage. Nature is probably tiying to compensate for the leakage by 
increasing the thickness of the heart muscle. 

•It will be noticed from the heart chart that the medical examiner i.s expected 
to indicate the size of the Jieart botli on the diagram and by measurements. He 
is also asked to state his opinion as to the degree of hypertropliy, if anj'. Tins 
opinion is given due weight at the home oflice in making the classification. In many 
cases further studies are made, including roentgenograms. 
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This phase of heart murmur is so vital that I am submitting an im- 
portant contribution to the subject, based on recent statistics of the 
New York Life Insurance Company. The data are divided into two 
decennial periods accoi-ding to the years in which the policies were 
issued. All eases were excluded Avhere histories of rheumatism, chorea, 
tonsillitis, or similar infection were given. 


Table W 

Experience of the New York Life to 1935 
Constant Systolic Apex Murmur Trans.mitted to Left 


WITHOUT HYPERTROPHY 

NU.MBER OF 

DEATHS 

EXTRA .MORTALITY 
OVER NORMAL, % 

Policies is-sued 1915 to 1924 

1,132 

113 

Policies i.ssued 1925 to 1934 

258 

104 

Total 

1,390 

111 

WITH SLIGHT HYPERTROPHY 



Policies issued 1915 to 1924 

222 

133 

Policies issued 1925 to 1934 

110 

227 

Total 

338 

159 

WITH MODERATE HYPERTROPHY 



Policies issued 1915 to 1924 

144 

227 

Policies issued 1925 to 1934 

53 

30(1 

Total 

! 197 

250 


The evidence is convincing that a constant systolic apex murmur, 
transmitted to the left, is a serious impairment, with an anticipated 
mortality on the average of at least double the normal, if without 
enlargement. The extra mortality of the principal companies to 1928 
in that class was 124 per cent and in the New York Life to 1935 it was 
111 per cent, the amount of the data in both studies being too large 
to controvert the results. The death i-ate from heart diseases was far 
above the normal 8, 10, and 15 times the normal in the three ela.sses 
listed in Table IV. In fact, 65 per cent of the total number of deaths 
in the group with moderate hypertrophy was from heart affections. 

With regard to slight hypertrophy, under the same kind of murmur, 
the extra mortality was 134 per cent in the cooperative investigation 
and 159 per cent in the recent research of the individual company — 
results which cannot be disregarded. With moderate hj^pertrophy the 
mortalitj- is further apart but is evidence that an extra mortality of 
at least 250 per cent (three and one-half times the normal death rate) 
must be expected on the average. 

Before leaving this type of heai’t murmur I should like to deal with 
a historj' of rheumatism associated with it. Fifty years ago such a 
condition was considered to be very serious and I’eeent investigations 
have confirmed that earW impre.ssion (Table V). 

It is admitted that the companies do not get a history of infection 
in all eases where it has occurred, but the evidence is clear that an 
attack of rheumatism followed by this heart murmur is of major 
importance. 
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Table V 

Constant Systolic Apex Mtjkmxjr, Transmitted to Left, With a History of 

Eheumatism or Chorea 
Medical Imp^urment Study (1929) 



NU5IBER OF I 

extra mortality 


deaths I 

OVER NORMAL, % 

Without hypertrophy 

307 

231 

With slight or moderate hypertrophy 

158 

322 


The findings in Table V have been eonfinned by the more recent ex- 
perience of the New York Life. Combining the different kinds of infec- 
tion — rheumatism, chorea, tonsillitis, and scarlet fever — an extra mor- 
tality was experienced under the above type of murmur of 112 per 
cent (289 deatlis) without hjTpertrophy, 196 per cent (145 deaths) with 
slight, and 341 per cent (154 deaths) with moderate Iwpertrophy. 
Based on these findings and similar studies the companies in the ag- 
gregate provided for an extra mortality by charging suitable extra 
premiums. 

In the joint experience of the companies, the largest g;rouiD with 
heart murmurs was divided into two groups, depending on the nature 

- V ' 

of their occupation — ^the white collar class, and thbse in heaiw manual 
labor — excluding occupations for which an extra charge was made. 
Without entei’ing into details it may be said that there was a distinctlj' 
higher death rate among the latter than among the former, other con- 
ditions being alike. If, for example, the extra mortality was 100 per 
cent among the white collar class, it would be approximatelj’’ 150 per 
cent among the heavy manual workers. 

I shall now deal briefly with three more of the serious fonns of 
heart murmurs, as revealed by our life insurance companies' records 
(Table VI). 

Table VI 

Medical Impairment Study (1929) 

Without Hwertrophy 


types of murjiur 

NUMBER of ! 

DEATHS 

EXTRA MORTALITY 
0\T:R NORMAL, % 

Constant systolic basic murmur, aortic 
area, transmitted upward 

134 

157 

Constant diastolic basic murmur, aortic 
area, transmitted domiward 

34 

357 

Constant apex murmur, presystolic or di- 
astolic. 

41 

380 


The number of deaths in all but the first group is too small to give 
definite conclusions as to the exact mortality, but allowing a sub- 
stantial margin for fluctuations the rates of extra mortality indicate 
the degree of hazard approximately. 

Hypertrophy Without Murmur . — ^In only a small proportion of the 
applicants for insurance do we find hypertrophy without any kmd of 
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a heart murmiTr ; the companies generally provide for an extra mortality 
of about 50 per cent with slight, and of 75 per cent TOth moderate 
hypertrophy. This is partly based on a I’ecent investigation wliieb 
showed an extra mortality of 88 per cent (85 deaths) with slight or 
moderate hypex'troph 3 ^ 

Jlistory of Murmur. — ^What of the cases •where there is a history of 
a murmur but none can be found now? The companies have not 
published anything of moment in this line but tlieir practice reflects 
the point of view of their medical directors and actuaries. The day 
has passed Avhen a murmur, apparently organic, heard bj- a reliable 
examiner in recent years is entire^' disregarded in valuing the risk. 
Time and again a man dies of heart disease a jmar or two after the 
most careful examination, including electrocardiogram and roentgeno- 
gram, had failed to disclose any defect, yet there was a history of such 
a finding at an earlier examination. In this I refer not to difference 
of opinion with regard to the character of the murmur but to the 
presence of the mumur itself. I leave the answer to the heart spe- 
cialists. Was the report of a murmur as organic a .year ago by a 
reliable examiner which is not apparent now, an error of diagnosis or 
what Avas the fact? 

Heart Murmur ^Vith a. History of Other linpairmenis. — The question 
may probably be a.sked: — ^Have the companies any reliable information 
regarding mortality Avhere there is a munnur with a history of rapid 
pulse, high blood pressure, albuminuria, or glycosuria, not now found ? 
The answer is that the result of such a stud.v was published in 1934 
which proAmd that a histoiy of these impainnents added decidedly to 
the hazard. Although not found at the time of examination a Aveak- 
ne.ss is indicated Avhich makes the persons in this class less able to 
stand the effect of the heart murmur, and a returji of the rapid pulse, 
albuminuria, and the other diseases is more likel.A’’ than their occur- 
rence among persons Avho have never had these defects. 

Heart Murmur 'With Ovei'iveight. — ^At one time the opinion was 
freely expressed among physicians that oA’^enveight Avas a seilous ad- 
dition to a heart murmur. It may not be generally knoAA'n that marked 
oA'erweight in itself is a distinct impairment. For example, among 
persons Avho are 35 per cent ovenveight and insure at age 40 the 
companies provide for an extra mortality of 45 per cent and for those 
at age 50, of 55 per cent. No conclusiA*e statistical cA'idence has yet 
been brought forAA'ard to shoAv the mortalilA" among- those avIio combine 
marked oA'erAveight AA-ith a heart murmur. The companies are inclined 
to assume that the extra mortality is the .sum of those arising from 
the re.spectiA'e impainnents. 

Factors in Connection With Murmurs. — I am not unmindful that 
there are many more factors to take into account than those already 
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mentioned— such as the habits of life, and the strength of the inhibi- 
tions. The clinician is primaril5^ interested in the indhddual and the 
actuary in the grouj) of liyes, after the individuals are classified bv 
the medical profession. In consulting ■with his patient the physician 
tries to bring out all factors favorable or unfavorable to recovery 
or to prolonging life. This means almost an infinite variety of types, 
which the actuary would find it necessary to consolidate into a com- 
paratively few groups so as to get a sufiBeient number of persons in 
each to justify his coiielusious. 

To avoid misunderstanding it should be mentioned tliat the mortality 
ratios in this article do not necessarily represent the death rate among 
those who present themselves to heart specialists. On the one hand 
the specialist sees many in poor health who would not be accepted bj- 
the insurance companies and on the otlier there is a twofold selection 
involved in connection with applicants for insurance (a) by the com- 
pan3’' in determining what risks should be accepted and on what terms 
and (b) bj’’ the applicant who decides whether or not it is to his 
interest to accept the policy. The interpla.v of these two factoids (a) 
and (b) may lead to results which are difficult to interpret. On the 
whole, howeA^er, it maj’ be said that the mortalit}* indicated in the 
insurance companies’ im’estigations would approximately repi-esent 
the additional death rate among those Avith the impairments in ques- 
tion, proAuded thej" were otlierwise in good health and had no other 
major inix)airmeuts. 

Clinical Becords. — The actuaiy has giA*eu the results of liis researches 
to the world and is most desirous of comparing them Avith those of 
the heart specialist. The difficulties of the latter are great. He is not 
alAvaA’s a methodical man Avho keeps his records in first class shape 
for research. He is naturally more interested in keeping his clients 
ill health than in collaborating with a statistician. The principal diffi- 
culty, hoAveA’-er, lies in liis inabilitj^ to keep track of his patients, to 
determine AAdiether thej’- are living, and if not, the dates of death. He 
maj" see man.A^ of them onh^ once on consultation, Avhile those in clinics 
too frequently disappear from observation. It is hoped that these 
obstacles Avill be oA^ercome in a measure in the case of clinical records, 
through cooperation Avitli an actuary Avhose experience with mortality 
problems has been extensiA*e. A comparison of studies based on the 
records of clinicians and on those of insurance companies ma.v prove 
to be of great A^alue. 

Appendix 

Instructions for Examination of the Circulatory System 

It is suggested tliat, foUo\ving examination of the heart when quiet, 
the applicant be requested to bend over, touching the floor six or eight 
times. This will bring out many murmurs that otherwise would be 
missed. 
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Transmission of Miirmur. — ^Indicate by arrow on heart chart wliether 
it is transmitted to axilla or back^ or both, in the case of apical murmur; 
or to vessels of neck, or across sternum to the opposite side in basic 
murmurs. If a poorly defined murmur is discovered, note findings with 
applicant in recumbent position; also with breath held with chest com- 
pletely inflated and deflated. Observe effect of inspiration on murmur. 
Be on the lookout for any dyspnoea, cyanosis or marked and prolonged 
overaction of heart with failure to return to normal after three minutes’ 
rest. 

Cardiac Hypertrophy. — ^Determine if this condition exists by percus- 
sion with applicant erect in addition to noting point of maximum in- 
tensity of the apical beat. If the outer heart border reaches slightly 
beyond the nipple line, record moderate hypertrophy; if well within tlie 
nipple line, none. Record a little hj'pertrophy only after careful ex- 
amination and when quite certain the outer border lies between these 
two points. 

History of Acute Infectious Disease. — Give exact month and year of 
any acute rheumatic fever, tonsillitis or any other infection or acute 
illness which may have been an etiological factor. 

Blood Pressure Observations. — In order to remove any p.sychic ele- 
ment the blood pressure should not be taken when the applicant is ob- 
viously nervous or apprehensive. It is advisable to distract the appli- 
cant’s attention from the procedure by conversation. If the systolic 
pressure is found to be abnormally high, or the diastolic over 100, repeat 
the observation at the close of the examination. Be sure there is no 
faulty adjustment of the cuff of the apparatus and the arm is not hyper- 
extended, which may partially destroy the apposition of the brachial 
artery to the cuff. ITote any increase of the pulse pressure. A slight 
increase is frequently noted in mitral regurgitation and aortic obstruc- 
tion, a decided increase in aortic regurgitation. With such a finding 
further auscultation of the heart sounds is indicated. Be sure to 
specify at which phase the diastolic pressure is recorded. 

Character and Bate of Pulse. — Be sure that any pulse rate over 88 is 
not due to psychic disturbance and make a later observation. If pulse 
is persistently rapid, look for goiter or pulmonary signs or elevated 
temperature. Count the number of irregularities or intermissions over 
a whole minute. If pulse is irregular or intermittent, exercise appli- 
cant and report if abnormality increases or disappears. Note if the 
pulse be high tension, dicrotic or Corrigan tj-pes or weak and thready in 
character. Make the diagnosis of myocarditis with great caution and 
only in the presence of the u.sually accepted signs — extreme irregularity 
or intermittency, pulsus altemans, weak and di.stant heart sounds, low 
blood pressure, etc. 



HEMODYNAMIC STUDIES IN EXPEEISIENTAL CORONARY 

OCCLUSION'^ 

III. Deis^'Ervated Heart Experiments 

Milton BIendlowitz, BI.D.f Gerhard Schauer. BI.D., and 

Louis Gross, BI.D. 

New York, N. Y. 

TN TTVO preceding reports,^’ ^ we demonstrated that ligation of the 

left anteilor descending coronaiy branch in dogs was followed by 
an immediate decrease in cardiac output without an 3 ’' corresponding 
diminution in circulating blood Tolume. The absence of this diminu- 
tion in blood volume ruled out the possibility that there was any 
direct loss of blood or plasma in or about the injimed mj’ocardium of 
sufficient magnitude to account for the decrease in cardiac output.^- 
It also precluded the possibility that a toxic substance, such as his- 
tamine, was liberated from the injured mj^ocardium in sufficient quan- 
tities to trap the circulating blood in the peripheral capillarj' bed and 
thus diminish minute volume." The possibility remained, however, 
that nervous reflexes from the heart to the peripheral blood vessels 
and to the heart might affect the cardiac output. 

In these studies, therefore, we emploj'ed a procedure with the ob- 
ject of interrupting all the motor and sensorj^ impulses to and from 
the heart respectiveljL This involved resection of both thoracic s.vm- 
pathetic chains from stellate tlirough sixth or seventh thoracic ganglia, 
as well as bilateral sjmipatheticovagotomj' in the neck. The aortic 
depressor neiwes were severed with the vagos^onpathetics, whereas 
the nerves from the carotid sinuses were left intact. Although "White® 
considers them to be of no importance even if the.y exist, possible 
sensory pathwaj^s via the cardiac nerves and cervical sympathetic 
ganglia and thence directlj' into the cervical spinal cord would, ac- 
cording to Braeucker" and Heinbecker,® still be left intact b.v these 
procedures. With these reservations in mind, then, we were dealing 
with a denervated heart. 

The prevalent immediate cause of death after the final as well as 
the preliminaiy iiroeedures was pneumonia. Seventy-five per cent of 
the total number of animals initially subjected to operation died be- 
fore the final experiments could be performed. In the remaining 25 
per cent, two groups with ten dogs in each, the following procedures 
were successfully- carried out. Under nembutal anesthesia, the right 
chest was opened in the fourth interspace. The right lung was com- 
pressed anteriorl.v and mesialty with packs which were held in place 

*Prom the Laboratories of The Mount Sinai Hospital, New* York, N. Y. 
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by . lung retractors. Tlie sympathetic chain, thus exposed, was re- 
sected from the .sixth or seventh thoracic ganglion up to and including 
the stellate. The packs were then removed and the chest closed in 
the usual way. One Aveek later the left chest Avas opened in the fourtli 
interspace under anesthesia. The .sj'mpathetic chain AAms exposed as 
before, and resected from the .sixth or seA'enth thoracic ganglion up 
to and including the stellate. The packs Avere then remoA'’ed and in 
one group of ten dogs, the double earidek bend Avas placed around the 
left anterior descending eoronaiy branch in the manner described in 
the preceding report.^ In the other group of ten dogs (controls), the 
knot was placed around relatiAmly aAmscular left ventricular muscle. 
The chest was then closed in the usual manner. One aa'ccIc later the 
animals AArere again anesthetized. Both Amgo.sympathetic trunks in the 
neck Avere severed, following which the physiological studies were 
carried out in series as described in our first report.^ The left anterior 
descending coronary branch or some left A^entiicular muscle, in the 
tAvo groups, respectiA-^ely, Avas then ligated from the exterior of the 
chest and the studies repeated. Electrocardiograms AA'ere taken be- 
fore and after the Amrious steps in the procedure. None of the animals 
survived the bilateral .sympathetieovagotomy for more than tAA'enty- 
four hours. Complete autopsies were done on all the animals AA'hich 
succumbed. 

PREUnriNARV OBSERA^ATIOXS 

FolloAAing the right sympathectomy, thei’e Avas an appreciable re- 
tardation in pulse rate. The electrocardiographic changes*^ AA'ere 
similar to those found AAith an increase in I’ight A'^agal tone.” This 
apparent increase in A-agal tone Avas probably only relatiA-e to the 
decrease in opposing .sympathetic tone.^” At the end of a A\'eek these 
changes became less marked. 

After left sympathectomy, there was usually a further .sloAAung of 
the heart rate although this AA'as not inAmriable. The electrocardio- 
graphic changes AA'cre noAV similar to those AAoth an increase in left 
A'agal tone.” In seA'eral eases heart-block developed and was usually 
fatal. In the other.s, the manife.stations of relatiA^ely increased vagal 
tone tended to .sub.side during the course of a Aveek. 

After bilateral .sympatheticoA-agotomy in the neck, seA^eral changes 
took place. The i-espirations became sloAA^er and irregular in depth. 
This made the determination of the ether circulation time more diffi- 
cult and therefore less reliable. There was no irregularity, hoAA'ever, 
in the rate of oxygen consumption and hence no difficull3' from this 
source in the estimation of the cardiac output. The temperature 
tended to fall somcAA-hat more than in preA'ious experiments.^’ ~ Tlic 
cause for this greater fall AA-as ob-scure. It might have been due in 


To be rc-ported In dotail in a KOparate communication. 
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part to deiiervatiou of tli6 lungs, wliicli in the dog are Yerj* important 
in the regulation of temperature.^^ The arterial blood pressime was 
no^Y subject to only minimal fluctuations in contrast to its lability in 
our previous-. experiments. There was occasionally a slight increase 
in heai’t rate jafter both vagosj'mjDathetic trunks were severed. Ex- 
cept for; this o'ccasional change in rate, the electrocardiogram Avas noAv 
relatively norinal. The intraA’enous injection of sodium cj^anide had a 
paradoxical effect.^- Whereas the injection Avas folloAA’^ed in prcAious 
experiments hj'- a retardation in heart rate and electrocardiographic 
eAudence of increased vagal tone, in these animals Avith denervated 
hearts there AAms an acceleration. 

- DENERVATED HEART DENERVATED 
. EXPERIMENTS HEART CONTROLS 



Blood volume 

ninute volume 


A B 

Pig. 1. — Average per cent changes in cardiac output and in blood volume per square 

meter of surface area. 

. RESULTS IN FINAL EXPERIMENTS 

The effect of ligation of ventricular muscle on the cardiac output 
(Table I) Avas not appreciably different from that observed in all the 
control studies done in preAuous experiments.^* “ There Atas a modei- 
ate immediate decrease in aA’^erage minute A’olume (Fig. 1.S). 

The effect of ligation of the left anterior descending coronary brancli 
in these animals (Table II) was not significantly different from the 
effect of ligation in preAdous experiments.^* " The immediate decrea.se 
in aA'erage cardiac output was definitely more profound than in the con- 
trol group (Fig. Ifl-). In the graph demonstrating the individual case 



TAni,K I 

DENKitVATEi) Heart Control ExpEutstENTS 



tARutlon of loft ventricular muscle. 









•lOG .U)/:)0 11/ G ai/12 Preligation 0.6 97.5 148 09.5 2.07 0005 2,158 5.8 0..'i4 185 1.0 .8.5 8.0 11/13 .Dog died. Autopsy: 

<3 Postligatkm 0.6 94.7 134 73.0 3.13 5920 2004 57 0.39 110 0 4.0 9.0 Bilateral bronchopneu- 
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distribution \vitb reference to immediate change in cardiac output 
(Fig, 2), there is evidence that the diminution in minute volume vas 
consistent. 

In contrast to previous experiments^- 2 there was usually an imme- 
diate decrease in the arterial blood pressure following ligation of the 
vessel as against minimal changes in the control group. The ether and 
cyanide circulation times in both groups tended to be somewhat more 
prolonged than those reported previouslj^. Contrary to our former 
experience, the average fall in temperature was greater in the control 
group than in the vessel ligation group. In view of the variable fac- 
tor inti’oduced by sympathetieo vagotomy, it is impossible to evaluate 

CHANGC (ff 
niriUTE 



Fig. 2. — Individual case distribution with reference to the changes In cardiac output 

directly after the procedure. 

this finding. Ligation of the artery was followed by the same charac- 
teristic electrocardiographic alterations previou.sly observed,^® namely, 
an elevation of the It-T transition in Lead I with or without an 
S-T depression in Lead III. Ventricular fibrillation was occasion- 
ally observed. These changes were never seen in any of the eon- 
tTol experiments. 

In other respects there were no essential differences between the 
findings in these experiments and those in the experiments in which 
the heart had not been denervated.*- “ The cyanide circulation time 
tended to be prolonged after ligation of the vessel, whereas the ether 
circulation time remained relatively unchanged. The blood volume 
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was usually sliglitly diminished in both the ligation and the control 
groups, and the erythrocyte count and the hemoglobin percentage to- 
gether with the cell volume were usuallj’ slightly increased in both 
groups. The venous pressure was variable, and there were no sig- 
nificant changes in pulse rate or in serum proteins. 

DISCUSSION 

In these experiments all or most of the motor and sensory pathwaj’s 
to and from the heart respectively were interrapted. There was, never- 
theless, a definite decrease in cardiac output without any corresponding 
change in blood volume following left anterior descending coronary 
branch ligation. The reduction in output could not, therefore, have 
been caused by reflexes from the injured myocardium to ■\asceral or 
peripheral blood vessels or to the heart. 

The immediate fall in blood pressure following vessel ligation in 
these experiments might in part be attributed to the absence of the 
masking effect of the usuallj' wide fluctuations in vasomotor tone 
hitherto observed.^’ ^ Another probable factor was the interruption 
of some of the ner^mus pathways for compensatory vasoconstriction. 
That some vasoconstriction took place, however, is attested to by the 
fact that in most instances the decrease in cardiac output was propor- 
tionately greater than the fall in blood pressui’e. 

It may be argued that occlusion of the left anterior descending coro- 
nary branch primaiilj^ caused only a slight cardiogenic diminution in 
minute volume, that this initiated a compensatory reflex vasoconstric- 
tion via the carotid sinus,^'*’ and that this vasoconstriction was re- 
sponsible for a great part of the observed decrease in cardiac output 
by impeding the venous retinn to the heart. Inasmuch as the carotid 
sinus and other possible vasomotor meehanisms^^ were left intact in 
our experiments, it is impossible to refute this argument conclusively. 
There are, hoAvever, considerations which weaken the force of such a 
contention. It is known, for example, that neither experimental^" 
nor elinieaP® hypertension, presumably associated with a generalized 
vasoconstriction, diminishes the cardiac output. It is therefore likeh* 
that such vasoconstriction as probably occurred in our experiments 
did not diminish the venous return to the heart and hence played no 
predominant part in the significant decrease in cardiac output observed. 

It is evident, therefore, that the diminution in cardiac output fol- 
lowing left anterior descending coronary branch occlusion in the dog 
is larg‘el 3 ', if not entirely, primarily cardiogenic. In other words, it is 
attributable to the inability of the left ventricle to expel all the blood 
it receives. As a result of this, there is an accumulation of blood in 
the pulmonary veins and capillaries. "We are dealing, then, in these 
experiments with (1) cardiogeme hj-pokinetie circulator 3 " failure and 
(2) left ventricular congestive failure. 
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SUMMARY 

1. A technic is descrihed for ligation of the left anterior descejiding 
coronary branch in the dog after deneiYation of the heart. 

2. The changes following ligation of the vessel consist of a fall in 
cardiac output and blood pressui'e and a prolongation of the cyanide 
circulation time. 

3. The hypothesis that the decrease in minute volume is neurogenic 
is considered, with some reservations, unsubstantiated. 

4. The preponderance of emdenee supports the theory tliat the de- 
crease in cardiac output is cardiogenic. 

5. The ligation of the left anterior descending coronary branch in 
the dog is followed by cardiogenic lypokinetic circulatory failure and 
left ventricular congestive failure. 
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THE ELECTEOCARDIOGRAPHIC CHANGES 
IN ACUTE PERICARDITIS 

A Clinical and Pathological Study* 

Joseph B. Vander Veer, M.D.,' and Robert P. Norris, M.D. 

Philadelphia, Pa. 

' I 'HE diagnosis of acute iiericarditis, especially of tlie purulent type, 
* is often difficult. The frequency with which this condition is found 
post mortem, when elinicallj’’ unsuspected, is well known. For several 
years, it has been recognized that patients with acute pericarditis, with 
and without effusion, and with hemopericardium, maj^ show electro- 
cardiographic changes of the RS-T segments and T-waves. The cause 
of these abnormalities has not been finally determined. The literature 
contains few reports of iiatients with -acute pericarditis in which senal 
electrocardiograms were taken and in Avhieh comislete pathological 
studies were done. 

Schwab and HerrmauiP reviewed the literature and reported seven 
cases of acute pericarditis. Although minor changes occurred in the 
electrocardiograms of all, only two cases showed significant elevations 
of the RS-T segments. . In one of these, acute purulent pericarditis 
was present at autopsy, but a microscopic description of the myo- 
cardium was not given. No other post-mortem examinations were 
available. They felt that the ijositive deviations in the RS-T segments 
were caused by myocardial ischemia produced by the rise of intra- 
pericardial pressure resulting from effusion. In one of the cases, how- 
ever, a rapid tamponade from hemopericardium produced no alteration 
of the RS-T segments. 

Scott, Feil, and Katz“ differentiated the electrocardiographic changes 
of pericardial effusion from those of myocardial infarction and sug- 
gested that the electrocardiogram might be of diagnostic value in 
peiieardial effusion. In a case of hemopericardium and in one of acute 
purulent pericarditis, elevated R-T segments returned to normal with- 
out drainage of the pericardial sac. 

In a well-studied case of pneumococcic pericarditis, in which para- 
centesis and pericardiotomy were done, Harvey and Scotff reported 
elevation of the R-T segments in all leads, with return to normal be- 
fore death. This return to normal was attributed to drainage of the 
pericardium. At autopsy “no coronary disease or gross mjmcardial 
damage was found.'' 

In a patient with purulent pericarditis reported by Purks,'* an elec- 
trocardiogram the day before death showed elevated R-T segments in 

•From the Morris W. Stroud, Jr., Pello-n-ship in Cardiologj-. the Medical Seindces, 
and the Ayer Clinical Laboratory of the Pennsylvania Hospital. 
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Leads I and II. At post-mortem examination a large pericardial effu- 
sion was associated with acute pericarditis and subjacent myocarditis. 

Master, Romanoff, and Jaffe’’ studied 52 eases of pneumonia with 
daily electrocardiograms. In one ease a marked elevation of the M 
segments was present in aU leads on the day of death. This was the 
only case which showed pericarditis at autopsy. Foci of degeneration 
were found in the muscle fibex’s but no mention was made of the micro- 
scopic appearance of the pericardium or subjacent myocardium. 

Koucky and Milles® recently reviewed the litei’ature on stab wounds 
of the heart in which surgical repair was successful and serial electro- 
cardiograms were obtained. They reported an additional case of stab 
wound of the anteiior surface of the right venti’iele in which recovery 
followed suture of the ventricle. Purulent pericarditis was proved on 
the fourth postopei-ative day and open drainage was instituted. Elec- 
trocardiograms on the first, fifth, and ninth days after operation re- 
vealed elevated R-T segments of about equal height in Leads I and II. 
In Lead III the R-T segment was noimial or only slightly elevated. 

In a patient with a stab wound involving the anteiior descending 
branch of the left eoronaxy artery, Elkin and Phillips'^ obtained elec- 
trocardiograms before, duiing, and after opei*ation. A pericardial 
friction imb was pi'esent from the third to the sixth days. A teleroent- 
genogram on the fom’th day showed evidence of pericai’dial effusion. 
The record taken befoi’e operation, during a period of extreme cardiac 
tamponade, was practically noi’mal. Ten minutes after opei’ation, 
slight elevation of the R-T segments was present in Lead I and slight 
depression in Lead III. Thirty-six hours after operation, the R-T seg- 
ments were elevated in all leads but especially in Lead II. These 
changes persisted for several days with gradual I'etum to normal. 

In two cases of stab wounds of the heart involving the anterior 
surface of the left and right venti-icles, respectively, Porter and Bigger® 
obtained fi’equent electrocardiogi-aras. Tiie tx’acing obtained fourteen 
hours after opex-ation in Case 1 resembled that seeix after anterior 
myocardial infarction. The records on the fourtli and fifth days, how- 
ever, showed elevated R-T segments in ail leads, particularly in Lead 
II. In the second case, elevation of the R-T segments was present in 
all leads and again, after the second day, was most max'ked in Lead 11. 
Pex-icarditis was not suspected clinically in either of these eases. 

Barnes® analyzed the findings in seven patients with acute coronary 
occlusion in which the eleetroeax'diograms were characterized by ele- 
vation of the R-T segments in the three limb leads. Because the usual 
reciprocal deviation of the RS-T segments in Leads I and III was 
lacking, localization of the infai-ct was diiiScult, From clinical and 
po.st-mortem studies, he concluded that electrocardiograms of this tyixe 
after coronarj'^ occlusion wex*e the i-esult of a coincident pex-icarditis. 
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In a subsequent article, however, Wolferth and reported 10 

cases with similar electrocardiograms. They ascribed tliis type of record 
to infarction involving both the anterior and posterior surfaces of the 
left ventricle. Post-mortem studies in two cases showed this lesion in 
both. No mention was made of the presence or absence of pericarditis. 
These authors logically explamed this type of electrocardiogram as the 
summation effect of both anterior and posterior infarction. 

Experimental studies in this field have been largely concerned with 
the production of electrocardiographic changes by increasing the intra- 
perieardial pressure. Katz, Peil, and ScotP^ injected saline and oil 
into the pericardial sac of dogs. In some instances, the E-T segments 
were elevated in all leads. On release of pressure, the electrocardio- 
grams returned to normal. These changes were thought to be the result 
of myocardial anoxemia. Herrmann and Schwab,^^ by uiereasiug the 
intrapericardial pressure of goats, reduced the pulse pressure to mini- 
mal levels. In some animals, the E-T segments were elevated in four 
leads of the electrocardiogram. Diminished circulation to the posterior 
as. well as to the anterior surface of the heart was advanced as the 
cause of the changes. As controls in studies of coronary ligation on 
dogs, Barnes and Maun^^ opened the pericardium and manipulated the 
heart without ligation of vessels. On the fourth and fifth days there- 
after, elevation of the E-T segments oecuiTed in two of three animals. 
Fowler, Eathe, and Sinith^"^ noted similar electrocardiographic changes 
in dogs when the pericardium was merely opened. Microscopically, 
inflammation of the epieardium extended into the adjacent myocar- 
dium. Degenerative changes were evident in the superficial muscle 
fibers. Pericardial adhesions were numerous. The authors attributed 
the electrocardiographic changes to myocai’dial damage. 

In an effort to determine the cause of the electrocardiographic 
changes found in acute diseases of the pericardium, we have studied 
a variety of conditions in which acute pericarditis may occur. Serial 
electrocardiograms were taken in 63 patients with pneumonia or em- 
P 3 mma. In this gvoup there were 23 deaths and 18 autopsies. Five of 
these patients had acute pericarditis. Three cases of pericarditis sec- 
ondary to uremia with two post-mortem examinations were likewise 
studied. In three patients with rheumatic pericarditis, no autopsies 
were obtained. Autopsies were obtained in three more eases of acute 
pericarditis. One of these was probably gonococcic ; another followed 
a stab wound of the right auricle : and the last was a hemopericardium 
from a ruptured aorta. Six of the entire group had definite and simi- 
lar changes in the electrocardiograms, and all were proved post 
mortem to have pericarditis. Two cases of uremia and two of pneu- 
monia, with pericarditis at autopsy, had no such electrocardiographic 
changes. In aU of the post-mortem studies numerous sections from 
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botli auricles and venti-ieles Trere examined microscopically, We are 
reporting clinical and pathological studies on tlie six eases with 
“positive ’ ’ electrocardiograms. 

Case 1. (No. 38958.) B. E., a colored Jiousevrffe, thirty-live years of age, was 
admitted to Medical feemce A on Aug. 18, 1935. She complained of pains in the 
joints. The family and past medical histories were not signiheant except for 
an ectopic pregnancy in 1929, The patient dated her illness to February, 2935, 
when she noted pain.s in the knees, ankles, and wrist.s. iShe was up and about 
for three month.s, with little improvement. Persistent fever was noted after 
May. On August 5, the swelling of the joints became worse and the fever 
higher. During the illness, she lost 25 pounds in weight. 

Examination revealed an emaciated, fei'crish, and “toxic" woman. Motion of 
both anhles and the right shoulder, wrist, and knee was extremely painful. The 
lungs were clear, A .sj'stolic murmur was heard at the apex of the heart. The 
rhjihm was regular and the rate 120. A purulent urethral discharge was present 
and marked tenderness existed in the right adnexal region. Fight femoral phlebitis 
was also noted. IVitli rest in bed, the arthritic .sjuiiptoms became less severe, but the 
temperature remained elevated. On October 29, however, the fever w'as liigh and 
peritonitis spreading from the pchas wms thought to be present. The arthritis 
was reactivated. X-ray studies of .several joints showed destructive changes sugges- 
tive of gonorrheal arthritis. In December, marked bilateral cervical lymphadenopathy 
occurred which subsided after x-ray treatments. 

Following a gjmecologieal examination on Jan. 23, 193G, the temperature rose 
sharply, generalized abdominal pains were pre.sent, and the arthritis was aggravated. 
Continuing for several days, a pericardial friction rub was first heard on January 
24. Because of a marked pulsus paradoxus on February 2, the pericardial sac wa.s 
tapped through the fifth intercostal space in the anterior axillarj- line and 280 c.c, 
of yellow pus were aspirated. The specific gravity of this fluid was 1.020 and there 
were 19,350 cells, mostly pohanorphonuclcar neutrophiles, per cubic millimeter. Two 
days later, 450 c.c. of purulent exudate were again removed. No bacteria were 
demonstrated in either specimen on smear and culture. Inoculation of guinea pigs 
was negative for tuberculosis. The cardiac .signs disappeared. The fever continued 
to be septic in type. Large bedsores occurred, and the patient died on March 
13, 1936. 

Of a large amount of laboratory data, the .significant findings \rere two .strongly 
positive gonococcus complement fixation test.c, .secondaiy anemia, normal leucocjfc 
counts, with a shift to the left in the pohmiorphonuelear neutrophiles, and repeatedly 
negative blood cultures. Blood Wassermann and Kahn tests were negative. For 
electrocardiograms, see Fig. 1. 

Autopsy (No, 5507). — Tiic autopsj' was done seven hours after death. Anatomical 
Diagnosis: Primary cause of death undetermined. History of former pelvic opera- 
tion. Scar in lower abdomen. Absence of right fallopian tube and ovary. Fibrous 
adhesions between abdominal scar and stump of right broad ligament. Scarring of 
left fallopian tube. History of polyarthritis. Oironic adhesive pericarditis. Lobular 
pneumonia. Fibrous pleural adhesions of lower lobes of both lung.s. Fibrous adhe- 
sions between capsule of liver and peritoneal surface of diapliragra- Fatty changes 
of liver. Focal necroses of liver. Acute splenic tumor. Calcification of renal tubule.s. 
Hyperplasia of hone marrow. Decubitu.s ulcers of right hip and lower back. Small 
scars of right side of neck. Calcified and caseous lymph nodes. 

Pericardium and Heart . — Dense fibrou.s adhe.rions were present Ivitween the outer 
surface of the pericardium and the adjacent pleurae. Except in a few small areas 
over the ventricles, the pericardium and cpirardium were firmly united by den;^ 
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fibrous adhesions. The heart and pericardium -weighed 2S0 gm. The myocardium 
^^as pale, but showed no focal lesions. Tlie endocardium, valves, and coronary 
arteries were not remarkable. 
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Microscopically, much of the fatty tissue of the pericardium and epicardium was 
replaced by scars, and the adhesions -svere also composed of hyaline fibrous tissue. 
Rarely -were young capillaries and fibroblasts seen. Where adhesions were lacking, 
a little fibrin and a few round colls were present on the surface of the epicardium. In 
most areas scar tissue was in contact wdth the surface of the myocardium. Small 
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numbers of 13 'mplioeytes and plasma cells -were present in tlie deeper layers of the 
epicardium, but none were seen among the muscle fibers and there was no inter- 
stitial scarring of the myocardium (Fig. 2). In many localities of both auricles 
and ventricles, however, the surface of the m 3 'ocardium was exceptiona]l 3 ’' irregular as 
if groups of fibers had disappeared. No evidence of rheumatic inflammation or 
other abnormalities Tvas seen in the lieart. 

Bacterial Studies . — No bacteria were demonstrated in the sections of lungs and no 
acid-fast bacilli or other organisms were seen in the liver or caseous mesenteric 
lymph nodes. 

Case 2. — (No. 40853.) L. D., a white man, forty-one 3 'ears old, was admitted 
to Medical Service B on March 14, 1936. He complained of cough and generalized 
pain in the abdomen. He had had previous attacks of pneumonia in 3922 and 



Fim 2. — Case 1. Section of the left ventricle .showing dense, flbrous, cplcardlal 
adhesions. No cellular Infiltration of the myocardium is present. 


1931. A cough, becoming worse four d.a 3 's before adm3s.sion, had been present for 
several months. Chill 3 ' sensations were recently noted and sweating was frequent. 

On admission, he was acutely ill, with rapid respirations. The right lung was 
clear but erackling rales were he.'ird over the left axilla and the left infrascapular 
area. The heart was not remarkable. The abdomen was distended and the epi- 
gastrium tender. After some imimovement, tlie temperature ro.se suddcnl 3 ' to 105 F. 
on March 19 and the temperature curve continued to be septic in type. Signs of 
increased pulmonary involvement were noted bilatcrall 3 ', followed by evidence of 
fluid at the left base and axilla. On March 23, thoracentesis in the left axilla was 
unsuccessful. Because of pulsus paradoxus, an attempt was made to tap the 
pericardium. Through the fifth intercostal .sp.ace in the anterior axillary line, 
625 c.c. of cream 3 ' pus %vcrc removed. (Autopisv' showed this pus to have come 
from an erap 3 'cma and not from the pericardial cavit 3 '.) Heath occurred March 24. 
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Pertinent laboratory data included cultures of liemoljdic streptococci from the 
sputum and pleural exudate. A blood culture was sterile. The leucocyte count rose 
from 5,250 on admission to 19,400 on March 22. Blood Wasserraann and Kahn 
tests were negative. Por electrocardiograms, see Pig. 3. 

Autopsy (No, 5515). — The autopsy was done fifty-seven liours after death. 
Anatomical Diagnosis: Lobular pneumonia and multiple abscesses of left lung. 
Septicemia — ^liemolji;ie streptococcus. Extensive edema and hemorrhages of both 
lungs. Pibrinopurulent exudate of left pleural cavity, pericardium, and epicardium 
—hemolytic streptococcus. Poci of subepicardial myocarditis. Small hemorrhages in 
spleen, lymph nodes, adrenals, and brain. Acute splenic tumor. Hj'perplasia of 
lymph nodes, splenic tumor tj^e. Hj^erplasia of bone marrow. Acute glossitis. 
Scarring of pancreas and testes. Chronic prostatitis. 



Fig. 3. — Case 2. Lobular pneumonia with empyema and early pericarditis (Iic- 
molytic streptococcus). The record of March 20. is not abnormal. That of March 23 
shows an elevation of the R-T segments in Leads I and II, with slurring of the 
descending limb of the R-wave. A slight change in the axis deviation is apparent'. 
No essential change is present in the chest lead. 

Lungs . — Numerous small, soft, gray areas were scattered through both lobes of 
the left lung. These lesions, microscopically, were small abscesses surrounded by 
zones of lobular pneumonia. In both lungs were extensive areas of edema and hemor- 
rhage and in the left pleural cavity were 250 c.c. of fibrinopurulent e.xudate. 

Fericardium and Heart . — A thin layer of fibrinopurulent exudate on the outer 
surface of the pericardium was continuous with the pleural exmdate. Only a thin 
layer of fibrin was present on the inner surface of the pericardium and on the 
epicardium, associated with not more than 40 c.c. of cloudy pericardial fluid. The 
.heart weighed 310 gm. and, on section, the left ventricle was slightly dilated. The 
endocardium, valves, and coronary arteries showed no gross lesions. 
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Mtcrosco 2 nca(ty, a fibrinopurulent exudate was on tlie outer surface of the peri- 
cardium, Only small amounts of fibrin were present on the epicardium and on the 
inner surface of the pericardium, but both the pericardium and epicardium were 
heavily infiltrated with pcljunorphonuclear neutrophiles, lymphocytes, and mono- 
nuclear phagocytes. "Wliere there was little epicardial fat; small numbers of poly- 
morphonuclear neutrophiles, Ij-mphocytcs, and plasma cells were scattered about 
the superficial blood vessels and among the superficial muscle fibers of the myo- 
cardium (Fig. 4). In the sections from both auricles and ventricles, a few of the 
muscle fibers were necrotic. The deeper portions of the myocardium showed no 
microscopic lesions. 

Bacterial Studies . — ^In post-mortem cultures of the blood from the heart and the 
pleural exudate, hemolytic streptococci and colon bacilli were grown. Streptococcus 
viridans and a colon bacillus were cultured from the left lung. With bacterial stains. 



Fig. 4. — Case 2. Section of the left ventricle. The myocardium is invaded by the 
purulent epicart^lal exudate. The Bupcrficial muscle fibers are degenerating. 

large numbers of gram-positive cocci in chain.s were seen in the pleural exudate and 
on both surfaces of the pericardium, but no organisms were found in the myocardium, 
hlany' gram-positive cocci were, lihewise, present in the exudate of the left Inng- 

Case 3.— (No. 39G3C).) T. A., a colored man, thirty-five years of age, was ad- 
mitted to iledical Service A on Oct. 30, 1935, with a chief complaint of pain in 
the chest. He had had no serious illne.sses and the family history was irrelevant. 
A cough had been present for several daj's, and following exposure to rain, he had 
had sharp pain of pleuritic type in the left lower chest. The cough was ivorse and 
shortness of breath was marked. 

He was acutely ill on examination and perspired freely. Respirations were rapid 
.and shallow. Sign.® of consolidation were present over the lower lobe of the left lung. 
The heart showed no abnormalitie.s. The abdomen wa.s distended and tender in the 



VANDER VEER AIVD NORRIS : ACUTE PERICARDITIS 39 

left upper quadrant. Delirium was constant and the temperature remained at about 
102 P. A marked, pulsus paradoxus was noted on Isorember 4, and lie died on 
November 5. 

Cultures of the sputum showed pneumococcus Type lU, and a blood culture was 
positive for the same organism. The leucocjde count rose from 4,350 on November 1 
to 28,000 on November 4. Blood Wassermann and Kahn tests were negative. For 
electrocardiograms, see Fig. 5. 

Autopsy (No. 5390). — The autopsj- was performed tliirteen hours after death. 
Anatomical Diagnosis: Confluent lobular pneumonia of left lung, pneumococcus 
Tj-pe m. Extensive fibrinopurulent exudate in both pleural cavities. Patchy areas 
of atelectasis and edema of lungs. Marked flbrinopuriilent exudate, with beginning 
organization, of pericardium and epicardium. Foci of acute subepicardial myo- 



Fig-. 5. — Case 3. Lobar pneumonia with bilateral empyema and fibrinopurulent 
pericarditis (pneumococcus). Note the elevation of the R-T segments in Leads I, II, 
and III of the' electrocardiogi’ams wnth no significant change in the chest lead. 

carditis.. Hyperplasia of peribroneliial lymph nodes. Enlargement of axillary 
lymph nodes. ■ Acute diaphragmitis. Hemorrhages in splenic pulp. Focal necroses 
in liver. Fatty changes of liver, slight. Small abscess in one kidney. Hyperplasia 
of bone marrow. Distention of stomach and intestines. 

If 

. Lungs . — Confluent areas of gray consolidation, typical of pneumonia micro- 
scopically, were present in both lobes of the left lung. On the pleural surfaces of 
both lungs was a thick fibrinopurulent exudate. The left pleural cavity contained 
500 C.C., and the right, 400 c.c. of cloudy fluid. The pleural exudate was continuous 
with a similar exudate on the external surface of the pericardium. 

Pericardium and Peart . — The pericardium was tliickened and indurated. A 
fibrinopurulent exudate was present on the internal surface and on the epicardium. 
About 400 c.c. of cloudy fluid were found in the pericardial sac. The heart vith the 
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epicardial exudate weighed 410 gm. In many localities, for a distance of 2 or 3 mm. 
beneath tiie epicardium, the heart muscle was pale. The heart showed no other gross 
lesions. 

Microscopically, the cells of the exudate on the pericardium and cpicardium were 
predominantly polymorphonuclear neutropliiles many of which were necrotic. Both 
the pericardium and epicardium were edematous and heavily infdtratcd with poly- 
morphonuclear neutropliiles, mononuclear phagoc 3 des, IjTnphocyte.s, and plasma cells. 
The small blood vessels were engorged and, in many areas, the fat Wcas necrotic. In 
some localities, organization was occurring. Except ivliere the epicardial fat was 
thick, the cellular infiltration reached the surface of the myocardium and extended 
into it for short distances about the blood vessels and superficial muscle fibers, 
which were pale-staining and frayed. Many of the nuclei of these fibers were 
pylaaotic or vacuolated. Numerous small hemorrhages were present in the stroma. 
The deeper layers of the myocardium were normal in appearance. 

Bacterial Studies . — ^At autopsy, blood culture from the heart showed numerous 
colon bacilli. Pneumococeus Tj^pc III was grown from the left lung. Large numbers 
of gram-positive cocci were stained in sections of the exudate from the lung, pleurae, 
pericardium, and epicardium. No organisms were seen in the myocardium. 

Case 4. — (No. 40463.) J. A., a colored male, fifty-seven years of age, was ad- 
mitted to Medical Serrfee B on Peb. 1, 1936. He complained of pain in the chest 
and left shoulder and shortness of breath. The family and past medical histories 
were not significant. He had been in good health until January 27, when he noted 
malaise and anorexia. He remained at home for three days, ))ut returned to work 
on January 30, when he was seized with pain in the chest and cough productive of 
rusty sputum. 

On admission he was acutely ill and respirations were rapid and shallow. The 
right middle and lower lobes were thought to be consolidated. The heart was en- 
larged to the left and the sounds were faint. The cardiac rate was 332, and the 
rhythm was totally irregular, A pulse deficit was noted, Tlie abdomen was moder- 
ately distended. The left shoulder was swollen and painful on motion. The patient 
continued very ill, with a temperature sustained at 103“ P. TJie cardiac rhythm 
was regular on Pebruary 2. A pericardial friction rub was present on Februaiy 4 
and 5. On Pebruary S death occurred. 

Significant laboratory data were as follows: pneumococcus Group IV was cul- 
tured from the sputum. On Pebruary 3, blood culture showed 100 colonies per c.c. 
of pneumococcus Group W. On Pebruary 5, venous blood pre.ssure was 8.8 cm. 
of water. Blood Wasserniann and Kalm tests were negative. For electrocardiograms, 
see Pig. 6. 

Autopsy (No. 5405). — TJic autopsy was done two hours after death. Anatomical 
Diagno.sis: Lobar pneumonia of right lung. Septicemia, pneumococcus Group 
IV. Organizing fibrinopurulent exudate of right pleural cavity, pericardium, and 
epicardium, pneumococcus Group IV. Foci of acute subepicardial mj'ocarditis. 
Acute phlegmonous abscess of left shoulder region. Swelling of left knee. Acute 
purulent meningitis, pneumococcus. Acute splenic tumor. Marked di.stcntion of 
intestines. Emphysema of lungs. Old fibrous pleural adhesions of left lung. Hyper- 
trophy of loft ventricle of heart, Hj-pcrlrophy of pro.stjitc, Extracapsular hyper- 
plasia of cortical cells of both adrenals. Invasion of po.sferior lobe of hypophysi-s 
by basophile and chromophobe cells. 

Body and Lunys . — The left shoulder was swollen and indurated and a deep 
phlegmonous ab.?cess was found beneath the pectoral mu.>:cles in the axilla. A similar 
area of swelling about the left knee rvas not di.ssected. .Scattered dififuscly through 
the right lung were numerous small patches of lobular pneumonia, A thick fibrino- 
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purulent exudate, invohing the pericardium, covered the pleural surface of the 
right lung and 350 c;c. of cloudy fluid were present in the pleural cavity. The left 
pleural sac was completely obliterated by dense old fibrous adhesions. 

Pericardium and Peart . — The pericardium' was thickened, gi'ay, and opaque. On 
both the internal and external surfaces and on the epicardium was a flbrinopurulent 
exudate approximately 0.5 cm. in thickness. About 40 c.c. of cloudy fluid were 
present in the pericardial sac. The heart and epicardial exudate weighed 460 gm. 
On section, where there was little epicardial fat, the myocardium was pale for two 
or three mm. beneath the surface. The wall of the left ventricle was moderately 
thickened. No other gross abnormalities were noted. 

Microscopically, the exudate on the surfaces of the pericardium and epicardium 
was composed oi fibrin and disintegrating poljmiorphonuclear neutropliiles, into 



Pig- e. — Case 4. Lobar pneumonia with empyema (right) and flbrinopurulent 
pericarditis (pneumococcus Type IV). Pericardial friction rub noted February 4. 
Death February 8. The first electrocardiogram shows an elevation of the R-T seg- 
ments in Leads I, II and III, with slurring of the descending limb of the R-wave. 
The changes are greater in Leads II and III but no significant Q pattern is present. 
Return of the R-T segment to normal is seen in Lead I. The chest lead shows only 
slight R-T segment elevation in the record of February 5. 

which fibroblasts and capillaries were growing. The pericardium and epicardium 
were heavily infiltrated with these cells and abscesses in the fatty tissue were numer- 
ous. Except where the epicardial fat was thick, the purulent exudate extended to 
the surface of the myocardium and moderate numbers of polymorphonuclear 
neutropliiles and round cells were present among the superficial muscle fibers (Fig. 
7). Many of these fibers, particularly in the right ventricle, were pale-staining and 
the fibrils WTre broken or absent. Most of the nuclei were vacuolated (Fig. S). A 
few of the most superficial fibers were necrotic. In the deeper layers of the myo- 
cardium, no such changes were present. The muscle fibers of the left ventricle were 
diffusely hypertrophied. 
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Eig. 7. — Case 4 . Section of the left ventricle. The epicarcllal exudate Is organizing. 
Leucocytes are scattered among the muscle fibers. 



FlP S Case 4. Section of the right ventricle. Tlio flbrinopurulent epic-mllal 

exudate is apparent. Lcucoc>'tic Infiltration and degenenation of the myocfirdlum 
is striking. 
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Bacterial Studies . — ^Pneumococcus Type r\’' was grown at autopsy in pure culture 
from the pericardial cavity. Prom the right lung only a bacillus of the colon group 
was cultured. In sections^ occasional gram-positive cocci were seen in the peri- 
cardial and epicardial exudate, but none were found in the myocardium. Similar 
organisms were stained in the meningeal exudate. Ivo bacteria were demonstrated 
in the pleural exudate, in the areas of pneumonia, or in the exudate of the left 
axilla. 

Case 5. — (No. 40278.) J. K., a white boy of eighteen years, was admitted to 
Surgical Service A on Jan. 13, 1936. He was in a critical condition from a stab 
wound in the tliird intercostal space 5 cm. to the left of the sternum. The pulse rate 
and blood pressure could not be determined and the heart sounds were inaudible. 
After emergency treatment for shock, the heart sounds were heard at a rate of 
140 per minute. Less than two hours after admission, the patient was operated 
on by Dr. John B. Flick. Tlie pericardium was tense and distended with blood. 



Pig. 9. — Case 5. Stab wound of right auricle. Death thirty-six haul’s after opera- 
tion. Acute fibrinous pericarditis and lobular pneumonia. The electrocardiogram wa.s 
taken about fifteen hours after operation. Note the elevation of the R-T segments 
in Deads I and II, with some slurring of the descending limb of the R-wave. 

A laceration in the right auricle just above the auriculoventricular junction was 
sutured. During the operation the heart stopped beating, but contractions were 
resumed after massage of the ventricles. A transfusion of 1,100 c.c. was given 
on the operating table. After operation the blood pressure rose to 138/70. 

The following day there was a fever of 102° F., considerable cyanosis, and a 
productive cough. The respirations were 48 per minute. The heart rate was 148 and 
the blood pressure 114/80. A definite pulsus paradoxus was noted. Dullness was 
present to percussion at the bases of both lungs, with crepitant rales on the right 
and broncliial breath sounds at the left infrascapular area. Because electrocardio- 
graphic changes were present and a bedside x-ray plate suggested enlargement of the 
cardiac shadow, paracentesis was attempted, but no blood or purulent fluid could 
be aspirated from the pericardial sac. The temperature, pulse, and respirations 
continued to rise and he died tliirty-six hours after operation. For electrocardiogram, 
see Fig. 9. 
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Surffical Specimen (No. ■ 22771) .-Tl.e autopHy .vas performed on tl.c day 

of death by a coroner’s physician. Only a few blocks of tissue were allowed fo'r 
study. 

Beart. A thick fibrinous e.xudate covered the epicardium and inner .surface of tlie 
pericardium, but little fluid was said to be present in the pericardial sac. Tlie 
sutured^ laceration in the rigid auricle was intact, but on tlie endocardial aspect of 
thi.s lesion was a large mural thrombus. Microscopically, fragments of suture ma- 
terial were present in the right auricle and, on cither side of tlie laceration, the 
myocardium was heavily infiltrated with polymorphonuclear leucocytes. Praginents 
of ^ necrotic thrombus were attached to the endocardium. On the surface of the 
epicardium was a thick fibrinopurulent exudate. At some distance from the lacera- 
tion, the entire wall of the right auricle was also infiltrated ivith polymorphonuclear 
neutrophiles, lymphocytes, and plasma cells. The muscle fibers were shrunken and 
the nuclei were pyknotic. In two sections of the left ventricle the epicardial faf 



Fig. 10. — Ca.se C. Colored male aged forty-one years. Sypliilitlc aortitis with rupture 
into the pericardial sac. The first record was taken a few hours after admi.sslon 
becau.se of agonizing che.st pain and shock. It shows little of significance and no 
R-T segment change. The second record was taken about one hour before death. 
There Is a slight but definite elevation of the R-T segments in I..ead.s I and II, with 
inversion of the T-waves in Lead III. 

was thick and the exudate did not reach the surface of the myocardium. The muscle 
fibers aifiieared normal. No other blocks were available. Large number.® of grtirn- 
po.sitive cocci, resembling staphylococci, were stained in the exudate of the epicardium 
and auricular myocardium. 

Case 6. — (No. 3594.) C. J., a colored male, forty-one yeans of age, was admitted 
to Medical .Service A on .July 24, 1931. He had been in good health until the 
evening of admission ■when he noted nausea and oppre.s.“ion in the che.st. He became 
dizzy and lo.st consciou.sne.®.®. On recovery a few minutes later, he had agonizing pain 
in the che.«t, made worse by inspiration. He was rushed to the ho.sjutfd and on arrival 
was in shock. The blood pressure was 90/60 and the pulse 1.30. He vomited re- 
peatedly. Scattered fine and coarse rales were pre.scnt over the lungs. The heart 
showed slight enlargement to the left but no murmurs or friction rub were heard. 
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Tlie abdomen was not remarkable and the right leg had been amputated below the 
knee. A large chronic ulcer was present over the medial aspect of the left leg. 

The following day an aortic diastolic murmur was heard and the lungs were clear. 
On July. 27 enlargement of the cardiac dullness was noted on percussionj but the 
patient seemed generally improved. Death occurred suddenly on July 2S after an 
attack of acute dyspnea ■with rapid disappearance of the pulse. 



Pig. 11 . Case 6. Section of the right ventricle. Tlie fibrinous epicardial exudate 

is scant. The. hemorrhage and edema in the myocardium are marked. Many of the 
muscle fibers are degenerating or necrotic. 


Laboratory data included strongly positive Wassermann and Kahn tests and 
slight leucocytosis. For electroeardiogranif;, see Fig. 10. 

Autoxisy (No. 4424). — The autopsy was done two and one'-half hours after death. 
Anatomical Diagnosis: Syphilitic aortitis. Laceration of ascending arch of aorta 
with rupture into pericardial sac. Hemopericardium. Edema and hemorrhage of 
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pericardium. Acute fibrinous pericarditis. Poci of acute inflammation, liemor- 
rhago, and edema in right ventricle of heart, Hypertrophy and dilatation of lieart. 
Diffuse scarring of interventricular septum. Old tuberculous lesions in apex of right 
lung.. Anthracosis, slight. Clironic ulcer of left leg. Absence of right leg below 
the knee. 

Aorta. Just above the ring of the aortic valve ivas a stellate laceration of the 
intima and media. Blood had extravasated through the adventitia into the peri- 
cardial cavity. In all portions of the arch, elevated fibrous plaques were present 
in the intima and the media beneath was grossly scarred. Microscopically, the 
lesions were tj 3 )ical of syphilitic aortitis. At the point of rupture, a large, fresh 
area of necrosis, associated with round cell infiltration, extended through the entire 
thiclmess of the media. 



Fig. 12. — Section of the left ventricle from a case of uremic pericarditis. The 
epicardial exudate, composed largely of round cells, doe.s not infiltrate the myo- 
cardium. The muscle fibers are hypertrophied. 


Pericardium and Heart . — TJie anterior layer of pericardium was moi.st and 
bloody'. The pericardial sac contained 750 c.c. of clotted blood. Thin layers of 
fibrin covered the epicardium and inner surface of the pericardium. The heart 
weighed GOO gm. The left ventricle particularly was hypertrophied and the wall 
measured 22 mm. in thickness. Small, firm, white streaks were visible bcne.ath the 
endocardium in the interventricular septum. The endocardium, valves, and coronary 
arteries showed no lesions. 

Microscopically, much of the fatty tissue in the pericardium was destroyed by 
fresh hemorrhage and edema- On the epicardium was a thin fibrinous exudate. In 
the areolar tissue were nuraerou.« liemorrhagcs and small collections of lymphocytes 
and plasma cells. Extravasated blood was present among the superficial filjers of 
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the left ventricle. The lesions in the. right ventricle, however, were most marked. 
Hemorrhages, edema, and collections of round cells and poljTnorphonuclear neutro- 
philes were scattered through the entire wall. Many of the muscle fibers were necrotic 
or absent (Fig. 11). Except for moderate hj-pertrophy of the muscle fibers in the 
left ventricle and diffuse scarring in the interventricular septum, no other lesions were 
seen. Ho bacteria were stained in the epicardium or myocardium. 

In three patients with active rheumatic heart disease, jiericarditis 
was determined by friction rubs and roentgenographic studies in all 
cases. Serial electrocardiograms showed no significant ES-T changes. 
No deaths occurred. 



Fig 13 — A section of the left ventricle from a case of pneumococcic pericarditis 
which showed no electrocardiographic changes. The fibrinopurulent epicardial exudate 
does not Invade the myocardium and the muscle fibers are not degenerated. 

Three patients with uremic pericarditis likewise showed no signifi- 
cant changes in the electrocardiograms. In the two eases examined 
at autopsy, extensive fibrinous pericarditis was present, accompanied 
by 60 c.c. and 300 c.c. of serous fluid. The inflammatory epicardial 
exudate did not invade the myocardiimi in many sections of both 
auricles and ventricles.’ The muscle fibers were hypertrophied but 
not degenerated (Fig. 12). 

Two of the patients with lobar pneumonia and pericarditis had nor- 
mal electrocardiograms. Marked fibrinopurulent pericarditis in both 
was associated with 40 c.c. and 350 c.c., respectively, of pericardial 
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fluid. Microscopically, the purulent exudate in the epicardium did 
not invade the myocardium in numerous sections from the auricles 
and -ventricles (Fig. 13) except in three small areas in one case. No 
degenerative changes were seen in the muscle fibers. 

DI.SCUSSION 

In this .studj' a direct chest lead was used in all but two of tlie pa- 
tients. This lead was taken by placing the precordial electrode on the 
fifth left interco.stal space in the midelawcular line and the indifferent 
electrode on the left leg (Lead V of Wolferth and Wood). 

The electrocardiographic changes in five of seven eases of purulent 
pericarditis and in the ease of hemopericardium are similar and seem 
characteristic enough to be of diagno.stie value. The tjTjical finding is 
elevation of the K-T segments in Leads I, II, and III, usuallj' most 
marked in Lead IT. Slurring of the descending limb of the R-wave 
frequently oecui’s. In four of the cases, these changes wei’c primarily 
in Leads I and II and in two cases wei-e mainly in Leads II and III. 
A definite Q-wave in Lead III was seen in onlj- one ease. In the four 
cases having typical electrocardiographic changes in which the ehe.st 
lead was obtained, no significant abnormalities were seen in this lead- 

The resemblance of electrocardiograms in pericarditis to those in 
acute myocardial infarction has been commented on in the litera- 
ture. An electrocai’diogram with no reciprocal action of the RS-T 
segment in Leads I and III and with the greatest elevation of the R-T 
segment in Lead II is not tj^pical of either an anterior or posterior 
infarct. Because Lead II shows a summation effect of the changes in 
Leads I and III, myocardial infarction iiiYoh-ing both the anterior 
and posterior surfaces of the left ventricle may produce changes of 
this type (i.e., elevation of the R-T segment in all leads, greatest in 
Lead 11). In this combined infarction, however, a well-developed Q 
pattern or changes in the chest lead, or both, should be present. The 
electrocardiographic changes described in our eases, therefore, are 
not characteristic of any type of myocardial infarction. 

Cardiac tamponade is the tisual explanation given in the literature 
for the changes in the RS-T segment. In some patients, however, 
moribund with tamponade from hemopericai'dium, normal electro- 
cardiograms have been obtained before operation.^- ~ Of our .six pa- 
tients with “positive” eleetroeardiogi*ara.s, three had no appreciable 
increase in the amount of pericardial fluid. Five patients with no 
electrocardiographic changes had increased amounts of pericardial 
fluid by x-ray films or at autop.sy. Our first case, moreover, showed 
a return of the elevated R-T segments to normal while the ajnonnt 
of pericardial fluid was inerea.sing (Fig. 3). In this small series of 
cases, therefore, we can see no relation between the amount of peri- 
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eaidial fluid and eleetrocardiograiDliie cliaiiges. The x^TOgressive elec- 
trocardiographic changes in manj’' cases of stab wound of the ven- 
tricle®’ ® suggest acute pericarditis rather than a single anterior 
lesion of the m.yocardiuin. In our ease of this type, the lesion was in 
the auricle and the changes in the ventricular complexes of the elec- 
trocardiogram could not have been caused by the stab wound. 

In three of the cases ■with piiralent pericarditis, microscojiic study 
showed iuflammatoiy and degenerative changes of the superficial 
myocardium. Where the epicardial fat was thick the underlying 
myocardium ajDpeared normal. In Case 1, although groups of super- 
ficial muscle fibers appeared to have been replaced by scar tissue, no 
active inflammation was iDresent in the myocardium. The two blocks 
from the left ventricle, in Case 4, were covered with thick layers of 
epicardial fat and the subjacent myocardium showed no lesions. Myo- 
carditis was, however, present in the right auricle even at a distance 
from the line of suture. In Case 6, with hemopericardium, not enough 
blocks were available for study, but large areas of hemorrhage, 
edema, and cellular infiltration were present in the right ventricle. 
In the two cases of pueumococcic, and the two of uremic pericarditis, 
in which no electroeardiograifiiic changes occurred, careful study 
showed no significant inflammatory changes of the myocardium. It is, 
therefore, Relieved that the electrocardiographic changes reported arc 
the result of superficial myocarditis. Involvement of both the anterior 
and posterior surfaces of the ventricles would explain the summation 
effect of the R-T segment in Lead II. The absence of deeper myo- 
cardial damage might account for the lack of any well-developed 
Q-wave patterns or of significant changes in the chest lead. 

If myocardial inflammation is present, it is probable that some cases 
of nonsuppurative pericarditis would show similar electrocardiographic 
changes. It is also likelj'- that in some cases of purulent pericarditis 
electrocardiographic changes may be transient. 

SUMMARY 

1. Studies on fourteen cases of acute pericarditis are presented. 
Seven of these eases were purulent in type and six were serous. One 
followed hemopericardium. 

2. Similar changes in the electrocardiograms were present in five 
of the seven cases of purulent pericarditis. Less marked changes 
occurred in the case of hemopericardium. In the remaining eases, 
such abnormalities were not found. 

' 3. The characteristic electrocardiographic pattern consists of an 
elevation of the R-T segments in the three limb leads. This change is 
often most striking in Lead II. Slurring of the descending limb of 
the R~wave is frequent. A normal chest lead (apex of heart and left 
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leg), the absence of a reciprocal action of the ES-T segments in Leads 
I and m, and no well-developed Q pattern, differentiate this condition 
from acute myocardial infarction. 

4. in this series of eases, we find no relation between the amount of 
pericardial fluid and eleetrocardiograpliic changes, 

5. Microscopic study of the hearts in all eases with “positive” elec- 
trocardiograms showed definite subepicardial myocarditis. Autopsies 
were obtained in four cases with normal electrocardiograms. In none 
was the pericarditis associated with inflammation of the myocardium. 
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THE CIRCULATION TIME OP THE BLOOD OF DOGS, 
DETERMINED BY IONIZATION (GEIGER 
COUNTER) METHODS 

I. The Effects of Phtsicophysiologicad Agents and of Drugs 

Earl C. McCracilen, Ph.D.,'^ Hiram E. Essex, Ph.D., and 
Charles Sheard, Ph.D. 

Rochester, Minn. 

' I HIE circulation time of the blood between two chosen points in the 
* body may be defined as the time between the injection of a substance 
at one point and the detection or registration of its arrival at the second 
point b}’ means of its color, vasodilator or vasoconstrictor effects, neuro- 
muscular stimulation, effects on the electrical properties of the blood, 
fluorescence, or radioactive qualities. In our investigations the time of 
circulation of the blood of dogs was measured between a point in the 
jugular vein and a point in that portion of the superficial femoral artery 
tying in the adductor canal. The ensemble of apparatus which was used 
is a modification suggested by the researches of Blumgart^ and his col- 
leagues. Essentially the apparatus consists of : (1) an ionization cham- 
ber, often referred to in the literature of physics as the Geiger counter; 
(2) a source of high voltage (approximatety 2,500 V.) for the ionization 
chamber; (3) three stages of amplification with their own power sup- 
plies; and (4) a mechanism for recording the receipt of ionizing energy 
or changes in ionization in the Geiger chamber. Details concerning the 
ensemble of apparatus and its modus operandi are to be found in a com- 
munication published elsewhere.^ 

The radioactive material used as the ionization agent consisted of 
1 to 2 c.c. of a solution containing the disintegration products obtained 
from 3 to 5 millicuries of radon (radium emanation). The most active 
constituent in this solution from the standpoint of gamma radiation 
is radium C, which has a half period of about twenty minutes and 
changes to radium D. In two to three hours the activity of the injected 
radioactive material decayed sufficiently to permit the use of the same 
animal in other tests during the day. 

The procedure in determining the circulation time of the blood con- 
sisted in the proper placement of the ionization chamber over the super- 
ficial femoral artery, the injection of the radioactive material into the 
jugular vein, the automatic recording (on an apparatus carrying a strip 
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imental Surgerj^ and , Pathology, The Mayo Foundation and the Mayo Clinic. 

•Fellow in Biophysics. The Mayo Foundation; now Associate in the Department of 
Physics, Iowa State College, Ames, Iowa. 


51 



52 


THE AMERICAN HEART JOURNAL 


of paper moving at a uniform and known rate) of the time which elapsed 
between injection and arrival of active material under the aluminum 
window- of the ionization chamber. Figure 1 is a reproduction, on a re- 
duced scale, of a typical record. Since the speed of the paper on which 
records were made is known, it is possible to convert the recorded dis- 
tance betw-een the period of injection and arrival of radioactive material 
into the time of circulation of the blood betw-een the tw-o points. 

This method and procedure are particularly advantageous in in- 
vestigations of this character because there is: (1) lack of trauma, (2) 
deletion of reaction periods, (3) the ability to use trained animals, (4) 
the possibility of using the same animal repeatedlj-, and (5) immediate 
and positive detection of the arrival of the injected material. 


THE CIRCULATION TIME OF THE BLOOD UNDER BASAL CONDITIONS 

The circulation time of the blood (using trained dogs) between the 
jugular vein and the superficial femoral artery lying in the adductor 
canal w-as taken to be its basic value when the animal, after a twenty- 


Period of Arrival of radioactive materia!! 

injection beneath ionization chaniber 


Ji 


A 


. JU , i' l l i ll t' l Ul t 111 1 t»t I ti I* II I 1 I II 

B 


DATE - 3 8 34 
DOG No. R2 
ANESTHESIA - Ether 
PULSE - 158 
RESPIRATION - 60 


INJECTION TIME - 2:05 p.m. 
INJECTION - Prom right jugular 
to left femoral 
ROOM TE?-!P. - 24.5° C. 

REI^ARKS - Dog fed in morning 


Pig. 1. — Reproduction of an original record (reduced approxImatel.v a third), Tiie 
circulation time of the blood in this case Is C.5 .seconds as determined from the time 
of passage of the radioactive material from the jugular vein (A) to the receipt of the 
active material in the femoral arterj- (J5). 


four-hour fast, was under conditions of complete rest on the table, with 
a pulse rate which was constant for at least fiA-e minutes. Under these 
conditions there tvere variations in the circulation time of the blood 
of each dog. For purposes of comiiarison in other portions of these 
investigations, a basic normal circulation time was determined for each 
dog by averaging a considerable number of values obtained for the time 
of circulation. Table I is a compilation of values of basic normal circula- 
tion time and germane data, The.se basic circulation times ranged from 
6.75 to 15.6 seconds for the various dogs used. Tlie data (recorded in 
part in Table I) show that there is no apparent relationship between 
the time of circulation of the blood and age, sc.n, physical condition, or 
weight of the animals. In contrast, however, the data show that the 
number of heartbeats Avhich oecuired during a specified time of circula- 
tion was very nearly the .same in all dogs, irrespective of the wide difter- 
ences in circulation time. The range of A-alues of heartbeats per circu- 
lation time Avas between 13,0 and 16.38; the aA-erage A'alue is 14,5 heart- 
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beats per circulation time. Further investigations are in progress con- 
cerning the possibility of establishing a relationship between pulse rates 
and circulation times, to the end that, under the criteria stated, the time 
of circulation between the points specified may be empirically de- 
termined. 

Table I 


Basic Normal Circulation Time 
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BASIC NORMAL 

PULSE RATE, 

PER JtIN. 

HEARTBEATS PER 

CIRCULATION 

TIME 

1 

16.0 

3 

12.0 to 15.0 

13.53 

56 to 64 

I 60.0 

13.5 

2 

7.5 

8 

9.0 to 13.0 

11.25 

66 to 80 

71.5 

13.4 

3 

17.0 

9 

12.0 to 16.5 

14.05 

54 to 72 

59.0 

13.0 

4 

17.0 

4 

6.0 to 8.0 

6.75 

104 to 120 

116.0 

13.05 

5 

16.5 

3 

9.0 to 12.5 

10.83 

67 to 87 

78.0 

14.1 

6 

17.0 

5 

14.0 to 17.5 

15.6 

58 to 70 

62.0 

16.1 

7 

15.0 

4 

9.5 to 12.5 

11.1 

78 to 90 

84.0 

15.45 

8 

12.0 

4 

9.5 to 13.0 

11,5 

80 to 90 

85.5 

16.38 

9 

14.0 

3 

7.0 to 10.0 

8.0 

100 to 106 

102.0 

13.6 

10 

12.0 

3 

7.0 to 10.0 

8.5 

102 to 117 

109.0 

15.5 


EFFECTS OF V^VEIOUS PHYSICOPHYSIOLOGIC AGENTS ON THE CIRCULATION 

TIME 

Exercise . — ^The results of our experiments show that the time of cir- 
culation w’-as decreased very markedly immediately after exercise (one to 
two hours on a treadmill traveling at 1.7 miles per hour), the decreases 
ranging from 36 to 48 per cent of the control (normal basic) values. 
Computed from the standpoint of changes in velocity, the range of de- 
crease was from 56 to 95 per cent. These findings are in close agreement 
with the range of changes in the pulmonary velocity obtained by Ellis.^ 
The increase in pulse rate nearly paralleled the changes in velocity, as is 
evidenced by the fact that the number of heartbeats per circulation time 
remained approximately the same (within 10 to 15 per cent) as in the 
normal basic conditions. The fact that the number of heartbeats per 
circulation time was reduced in every case would lead to the inference 
that, during exercise, not only the pulse rate but also the stroke output 
increased. 

Effects of Low Environmental Temperatures . — During the w^inter 
months several of the dogs used in this series of investigations were 
removed from an enviroment of 25° C. and placed for an hour or more 
outdoors at a temperature below 0° C. A sample set of data is ; at a 
room temperature of 25° C., the pulse rate was 60 per minute and the 
circulation time of the blood 14.1 seconds; after being outdoors and sub- 
seq^uently removed to a room temjierature of 1 < ° C., the pulse rate was 
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79 and the circulation time 12.0 seconds; noianal basic heartbeats per 
circulation time were 14 ; after being in the cold environment, 15,8. Our 
data show that the number of heartbeats per circulation time was in- 
creased subsequent to being in the cold environment, the average per- 
centage increase (12,6 per cent) being slight^ higher in value than the 
average percentage decrease (10.4 per cent) after exercise. 

Ejf acts of High Environmental Temperatures. — Each of the dogs was 
subjected to measurement under environmental temperatures of 29, 37,5, 
and 41° C. (± 1° C.), respectively. In each instance the animal re- 
mained on the observation table in the room at the specified temperature 
for nearly tw'o hours prior to the determination of the circulation time. 
We found that there was no significant change in the circulation time 
of the blood unless the body temperature of the animal rose above nor- 
mal values (approximately 39° C.), Under these conditions, Avith a rise 
of body temperature of about 1° C., the pulse rate increased markedly 
and there AV'as a very decided decrease in the circulation time. When 
placed in an environmental temperature of 40° C., the increases in the 
pulse rates of two dogs were 22 and 55 per cent respectiA'ely, Avhereas 
the decreases in circulation time AA’cre 32 and 47 per cent. The number 
of heartbeats per circulation time remained practically constant, rang- 
ing from 15.5 to 16 in one dog and from 16.4 to 16.8 in the second dog. 

URUG.S AVHICH DECREASE THE CIRCULATION IIME 

The general procedure for testing the effects of various drugs on the 
circulation time Avas the same in all cases. The normal basic circulation 
time Avas determined, followed by an interv'al of tAvo to three hours to 
aUoAV the di.sintegration products of the injected radioacti\'e material to 
decay to values AAdiich did not produce responses in the Geiger chamber. 
The drug was then injected and, after a predetermined period of time 
(Avhich Amried for the different drugs used), another portion of the 
radioactive solution Avas introduced through the same needle, and the 
time of circulation of the blood determined. The administration of 
thjToxin, histamine, and ether anesthesia decreased the circulation time 
in the order named; increases in circulation time were produced by 
cobefrin, epinephrine, nicotine, pitre.ssin, and pituitrin, respectively, in 
the sequence stated. 

Thyroxin . — The basic circulation time of the blood of each of the dogs 
used AA'as determined. Each animal Avas then giA'cn 1 c.c, of a (1 mg. per 
e.c.) solution of thjToxin per kilogram of body Aveight on Iaa'O succc.ssiA'e 
days. The circulation time Avas determined on the third day. ^larked 
reductions in the Amlue.s of the circulation time AA'ere found; the per- 
centage decreases ranged from 21 to 51 per cent. Such decreases in cir- 
culation time are in conformity Avith the increa.ses of minute volume 
blood floAv in the femoral artery of a dog after feeding of desicwjtcd 
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thyroid gland as found by Herrick, Essex, Mann, and Baldes.* A faii’ly 
uniform decrease in the number of heartbeats per circulation time "svas 
evident in all cases, the decrease ranging from 16 to 25 per cent. 

Histamine . — ^The radioactive solution was injected one minute after 
the injection of 1 mg. of histamine. In all cases there was a marked 
increase (ranging from 60 to 95 per cent) in the pulse rate and a cor- 
responding decrease (ranging from 110 to 40 per cent) in the time of 
circulation of the blood subsequent to the injection of the drug. The 
number of heartbeats per circulation time was increased (about 10 per 
cent) in two dogs and decreased in two other animals. 

flier . — Ether anestliesia was maintained by the auto-inhalation 
method; the depth of anesthesia was that which is commonly spoken of 
as "surgical” ether anesthesia. Sheard, E.'ymearson, and Craig,® by 
measurements of the temperature changes of the extremities, and Her- 
rick, Essex, and Baldes,® bj' direct determinations of changes in blood 
flow, demonstrated that surgical ether anesthesia is nearly, if not equally, 
as effective in producing vasodilatation of the blood vessels of the dog 
as sjonpathectoray. It was of interest, therefore, to determine the change 
in circulation time produced by this agent. In everj’- case (4 dogs) the 
circulation time was decreased, the percentages of decrease ranging 
from 21.5 to 54.5. The pulse rates increased within the range of 120 per 
cent to near!}'’ 200 per cent. The number of heartbeats per circulation 
time was increased v-ithin a range of 13.5 to 57 per cent. 

DRUGS WHICH INCREASE THE CIRCULATION TIJIE 

Epinephrine (cohefrin ). — In every case 1 c.c. of 1:1000 solution of 
epinephrine or the equivalent strength of cobefrin per kilogram of 
body weight was administered prior to the injection of the radioactive 
material, the same needle being used for the two injections. A series of 
controlled experiments, injecting equivalent dosages of epinephrine or 
cobefrin (concentration fivefold as great as epinephrine) into the same 
animal, were carried out under similar conditions of time of injection of 
drug previous to the introduction of the ionizing agent. No differences 
in the effects of the two drugs or the time of circulation of the blood 
could be detected. 

The circulation time of the blood and the number of heartbeats per 
circulation time are markedly affected by the period of time interven- 
ing between the injections of the epinephrine and of the ionizing agent 
used for the determination of the circulation time. Tlie results obtained 
in tiie case of a dog having a basic normal circulation time of S.o seconds 
arid basic normal pulse rate of 109 per minute subsequent to interv als of 
30, 60, 90, 120, ISO, and 240 seconds between intravenous injection of 
opiuopjii’iiio (0.11 c.c. in each instance) and the determination of the 
circulation time, are shovTi in Fig. 2. Data of a similar character vere 
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obtained from experiments on other dogs. The maximal increase in 
circulation time (from 8.5 to 26 seconds, Fig. 2) was obtained sixty 
seconds after the injection of epinephrine. The time of circulation of 
the blood returned to its basic value about 120 seconds after injection 
of the drug, no appreciable changes in the circulation time occurring at 
intervals of 180 and 240 seconds after the injection. In brief, the cir- 
culation time of the blood is increased over 200 per cent, the pulse rates 
are decreased about 10 per cent (for example, from 109 to 96 per 
minute) and the number of heartbeats per circulation time is increased 
200 per cent at 60 seconds after injection. The curve (dotted line. Pig. 
2) correlating the number of heartbeats per circulation time and the 



Time interval (seconds) elapsini^ between intravenous 
injection of epinephrin and determination of 
circulation time 


Fig-. 2. — Cun'e-s showing the relationships between the circulation time of the bioort 
in seconds, the number of lieartbeats per circulation time and the periods of time 
after the Injection of epinephrine. 

period of time elapsing after the injection of epinephrine practically 
parallels the course of the curve of circulation time. 

Various controversies have arisen concerning the action of epineph- 
rine; some investigators have reported increased circulation times 
while other workers have obtained decreases. In none of our observa- 
tions have we found any indication of a .speeding-np of the circulation 
between the jugular vein and right femoral artery after the intraven- 
ou.s administration of epinephrine in dog.s. 

Nicotine . — In two dogs, in which the time elapsing between the in- 
jection of the nicotine and the radioactive material was short, namely, 
15 and S seconds, there was an increase of the circulation time of 48 
(from 11.5 seconds to 17 seconds) and 78 (from 9 seconds to 16 seconds) 
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per cent, respectively. In two dogs liiglier pulse rates were recorded 
( /3 and /8 per cent), whereas in the other two animals decreased pulse 
rates (31 and 26 per cent) were noted. In all instances the number of 
heartbeats per circulation time was increased, the increase ranging 
from 23 (for example, 7.8 to 9.5 heartbeats) per cent to 314 (for 
example, 14 to 58 heartbeats) per cent. 

Pituitrin and pitressin . — Intravenous injections of these di’Ugs, in 
dosages (0.2 to 0.5 mg.) somewhat higher than those therapeutically ad- 
ministered to man, were made 60 or 90 seconds prior to the injection 
of the radioactive material. A very large increase in the circulation time 
was observed in all animals. On account of the marked vasoconstrictor 
action of these drugs, it was difficult to determine accurately the time of 
arrival of the radioactive material. The increases in circulation time 
ranged from 125 to 400 per cent after tlie injection of pituitrin, and 
from 285 to 510 per cent after the injection of pitressin. The diffierence 
between the ranges for the two drugs is not to be considered as sig- 
nificant because of the difficulty of obtaining and interpreting the 
records. The number of heartbeats per circulation time was increased ; 
the ranges of increase were 135 to 170 per cent for pituitrin and 100 
to 175 per cent for pitressin. Geiling, Herrick, and Essex’ have shovm 
that there is a marked decrease in the minute volume blood flow in the 
femoral and carotid arteries of the dog after injections of either 
pituitrin or pitressin. 

COJrPILATION OF DATA OX THE S-A3IE DOG 

’We w^ere fortunate enough to be able to carry two or tliree dogs 
through the wliole series of experiments. Table II contains the data 

Table II 

CojiriLATiox OF D.\ta Concerning Circtil.^tion Time of the Blood and XuiiBER 
OF Heartbeats Per Circul.ation Teme After the Use of Various 

PliVSICOrHYSIOLOGIC AGENTS AND DRUGS IN THE SAME DOG 


DECREASE 

OF CIRCULATION TIME | 

INCREASE 

; OF CIRCULATION TIME 

AGENT 

OR 

DRUG 

CIRCULATION 

TIME, 

SEC. 

HEART- 
BEATS PER 
CIRCULATION 
TIME 

DRUG 

CIRCULATION 

TIME, 

SEC. 

HEART- 
BEATS PER 
CIRCULATION 
TIME 

Hormal 

16.5 

15.5 

Hormal 

16.5 

15.5 

Cliilling 

12.0 

15.S 

Cobefrin 

23.0 

23.0 

Exercise 

10.5 

12.0 

Epinephrine 

26.0 

21.7 

Thyroxin 

11.0 

12.4 

Hicotine 

oS.5 

29.5 

Histamine 

8.5 

17.4 

Pitressin 

76.0 

38.0 

Ether ^ 

S.O 

i 22.0 

Pituitrin 

86.0 

37.3 


concerning -the normal basic circulation time of the blood and nunibei 
of heartbeats per circulation time before and after the administration 
of the various physicoph.ysiologie agents and drugs cited. 








58 


THE AJIERlCAIf HEART JOHRHAI/ 

CONCLUSIONS 

Using 'vvell-trained dogs, lying at rest on the table for about an hour 
prior to test and subsequent to a twent 3 '-four-hour fast, we believe that 
our findings show that : 

1. Injection of the rapid disintegration products of radon (radium 
emanation) at one point in the circulatory system and the detection of 
their arrival at another point in this S 3 'stem b 3 ' means of an ionization 
chamber (Geiger counter apparatus) and amplif 3 'ing S 3 'Stem is m very 
accurate method for determining the circulation time of the blood. 

2. There is a wide variation in the circulation time of the blood be- 
tween the jugular vein and femoral arteiy in the various dogs, in the 
basal state, used in these investigations. There are also considerable 
variations in the individual basal circulation times. 

3. There is no relationship between the circulation time of the blood 
and age, sex, plysical condition, or weight of dog, 

4. The number of heart beats per circulation time between the jugular 
vein and femoral arter 3 ' tends to be the same in all dogs. 

5. Exercise and placing in low environmental temperatures decrease 
the circulation time of the blood as well as slight^' decreasing the number 
of heartbeats per circulation time. 

6. Increase of environmental temperature does not alter the circula- 
tion time until the rectal temperature rises above its normal value. When 
this temperature is exceeded, the circulation time is markedl 3 ^ decreased 
with little, if aiu', change in the number of heartbeats per circidation 
time. 

7. The administration of thyroxin (1 mg. per kilogram of body weight 
per da 3 ' for two da 3 ’.s prior to test) produces a decrease in circulation 
time. 

8. Histamine and ether anesthesia produce a marked decrease in 
circulation time. 

9. Nicotine, pituitrin, and pitressin cause marked increases in the 
circulation time and a large inei'ea.se in the number of heartbeats per 
circulation time. 

10. Epinephrine and cobefrin in equivalent dosage pi’oducc the same 
etTeet on the circulation time and the number of heartbeats per cir- 
culation time. 

11. After the injection of epinephrine, the circulation time of the 
blood increases to a maximal value at .sixt 3 ’ second.s, returns to normal 
values after two minutes and remains in the normal range thereafter. 
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THE CIRCULATION TIME OF THE BLOOD OP DOGS, 
DETERMINED BY IONIZATION (GEIGER COUNTER) 

METHODS 

II, The Effects of Digestion 

Earl C. McCracken, Ph.D.,® Hiram E. Essex, Ph.D., and 
Charles Sheard, Ph.D. 

Rochester, Minn. 

T he ensemble of apparatus u.sed and metliods followed for obtaining 
the circulation time of the blood are described in another communi- 
cation.^ In brief, the procedure coirsisls in the injection of a solution 
containing small quantities of the disintegration products of radon 
(radium emanation) into the jugular vein and obtaining the time of iias- 
sage of the radioactive substance between the jugular vein and the 
femoral artery Ijung in the adductor canal, by the use of an ionization 
(Geiger counter) chamber. 

The circulation time (in seconds) of the blood between the two 
specified points and the pulse rate per minute were determined after the 
animal had been fasted for twenty-four to one hundred ninety-two hours. 
Observations previously made during investigations on the circulation 
time of the blood demonstrated that the injected radioactive material 
did not decay to values sufficientlj* low to permit the use of the dog 
for further tests until two or three hours liad elapsed, hence the number 
of determinations of the circulation time is limited to three in each 
woi’lving day. Subsequent to the determination of the basic circulation 
time following the period of fasting, the dog was allowed to remain at 
rest for about two and one-half hours, after which it was returned to 
the observation table and fed a meal consisting of 1 gm. of glucose for 
each kilogram of bodj' weight, and from two to four eggs in 400 to 600 
c.c. of milk (depending on the weight of the animal) ; or, in certain cases, 
a meal was made of moat and cereal. After completion of feeding, pulse 
rates were taken and closely followed until the rate had increased con- 
siderably above that which w-as obtained before the ingestion of food. 
When it was found that the increased pulse rate was maintained quite 
con-stant for a period of ten or more minutes, a second determination 
of the circulation time was made. 

Data concerning the circulation time of the blood before and dur- 
ing the dige.stion of food, ])ulse rates, and types of meal ingested arc 

From tlje IJSvJjsfon of Piiypio.® .ana Elophyf>Ic/iI Hwe.'ircli, and DlvI-slon of Kxpcrl- 
rnf-ntfll Siirsco' onC PrttJioloKy. Tn<! Mayo Foumlatlon, 

•Follow in BiopliVflicw. Tiio M.ayo Foundation. Now A.KROolato In tlio popartmont 
of Fhy.'-lcs, lown, sSata CollofTo, Arnf-p. lown. 
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"Type of meal; ( 1 ) milk, egg, glucose; ( 2 ) meat and cereal, 
tinjcction made at the time of maximal volume flow of blood per minute. 
ILeft saphenous vein to right femoral artery. 
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given in Table I. In loto, these investigations dcmonsti-ate that the 
circulation time of the blood in dogs which have been fasted for twentj^- 
four or more hours is decreased 12.9 to 45.4 per cent during the course 
of digestion (presumably at its maximal point as judged by the highest 
rate of pulse). At first glance it might appear that there is a greater 
decrease in the circulation time after a forty-eight-hoiir fast than after 
a t-wenty-four-hour fast. An average of the data for the eight dogs used 
indicates an additional reduction of about 7 per cent in the circulation 
time after a forty-eight-hour fast. In the same dog, however, the 
cirenlation time is practically the same subsequent to the two periods of 
fasting. On the other hand, the imreentage decrease in circulation time 
appears to be significantly le.ss after a one-hundred-twenty-hour fast as 
compared to the results after a fast of twentj’^-four or forty-eight hours. 

A comparison of pulse rates with time of circulation show.s that, 
after a twenty-four-hour fast, the percentage deei'case in circulation time 
was approximately the same as the percentage increase in pulse rate. In 
eight of the nine dogs subjected to a forty-eight-hour fast the percentage 
decreases in circulation time were very much less than the percentage in- 
creases in pulse rate. No apparent relationship exists between the two 
when longer periods of fast were given. 

An inspection of tlie data relative to the numbei* of heartbeats per 
circulation time shows that there were increases (average per cent in- 
crease, 9,2) in eight instances, decreases (average per cent decrease, 
11.5) in eight, and no changes in two in.stanee.s. There is evidence of a 
definite tendency for the number of heartbeats per circulation time in 
an individual dog to remain constant and of ai)proximatel 3 ^ the same 
value before and throughout the cycle of digestion, as well as under 
the influence of such physicophysiologic agents as exercise and changes 
in environmental temperature. In contrast, the number of heartbeats 
])er circulation time is markedly affected b^' various drugs and by 
ether anesthesia.- 


srjin;i,TAXEou.s siea.sureiients on hinute voLu.^rE flow a.vo 

CIRCULATION TI31E OF 

Using the Herrick and Baldes" modification of tlie Kein’ thermosfro- 
ranhr, we were able to conduct a .short .series of experiments in which 
simultaneous measurements of the circulation time (.secomls) and rate of 
volume flow of blood (c.e. jier minute j rverc obtained. In these experi- 
ments, the diatherm.v-thermo-element was placed on the rtght femoral 
arterj" in the adductor canal; the lime of receipt of the radioactive 
material in the left femoral artery, subsequent to injection in the jugu- 
lar vein, was recorded. B%' reason of the fact that the radioactive de- 
posits introduced into the body Jjave not sutyieienfl.v dcca.ved to permit 
frequent determinations of circulation time, simultaneoas measurements 



MCCRACKEN ET AL. : CIRCUEATION TIME OF DOGS 63 

by the two methods were limited to (1) normal fasting conditions, (2) 
the height of digestion, and (3) three or four hours after the second 
set of simultaneous measurements of blood volume flow and circulation 
time. The height of digestion was based on the determination of the 
maximal rate of volume flow through the femoral artery as measured 
by the thermostromuhr method. 

Figure 1 gives graphically the relations existing between the rate for 
one of the dogs in which data were obtained simultaneously by the two 
experimental methods. Subsequent to a forty-eight-hour fast, the cir- 
culation time was found to be 20 seconds (Fig. 1, point a, curve 1), 
the volume blood flow 140 e.c. per minute (curve 2) and the pulse rate 
86 per minute (curve 3). The circulation time decreased to 14.5 (point 



Fig:. 1. — ^Relations between the circulation time of the blood, minute volume blood flow 
and pulse rate before, and subsequent to, the ingestion of food. 

h, curve 1) after the ingestion of a mOk-egg-glucose meal and at the 
time the minute volume blood flow was at, or near, its maximal value 
of 280 c.c. per minute, with a maximal pulse rate of 150 per minute. 
Three hours later the circulation time of the blood increased to T7.6 
seconds (point c, cunm 1), the pulse rate dropped to 128 per minute 
and the volume rate of flow decreased to 160 c.c. per minute. These 
curves and other sets of data (Table II) demonstrate that increases in 
the volume flow of blood were coincident with decreases in circulation 
time. 

Our investigations corroborate the findings of Herrick, Essex, ]Mann, 
and Baldes® to the effect that the type of food ingested influences the 
time of onset and the duration of increased blood flow and pulse rate. 
Under similar conditions and using the same dog, tlie maximal increases 
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Table II 

Gircdlation Txiib op the Blood (From Jugular Veil* to Femoral Artery), 
Volume Blood Flow (C.C. Per Minute), and Pulse Bates Per Minute 
During the Digestive Cycle. Milk-Egg-Glucose Meal 
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ill pulse rate and volume flow and minimal values of circulation time 
Avere found to occur more rapidly after the feeding of a millc-egg-glucose 
meal than after the ingestion of meat and cereal. 

Herrick, Essex, Slann, and Baldes have shown that, during digestion, 
there is the same type of increase of volume flow in the femoral and 
carotid arteries and in the external jugular veins as there is in tlie 
mesenteric arteries. The results of their experiments also led tliem to 
conclude that the increased volume floiv of blood during digestion is 
accounted for chiefly by an increase in the velocity of the blood in the 
entire circulatory system. Our data support the a.ssumption that an 
increase in the velocity of floiv of blood, evidenced by the decrease in 
the circulation time of the blood between the jugular vein and the 
femoral artery, is one of the chief factors. 

COXCLU.SIONS 

1. The circulation time of the blood is decreased (12.9 to 45.4 per 
cent) during digestion, presumably at its maximal point as judged by 
the highest inilse rate. The type of meal ingested influences the time 
at which digestion reaches its maximum and at which the circulation 
time of the blood is at its minimal value. 

2. The decrease in the circulation time of the blood during the proc- 
esses of digestion is coincident with an increase in pulse rate and also 
AAith an increase in the volume rate of blood flow per minute in the 
femoral arleiy as mea.sured by a modification of the Rein thermo- 
stromuhr, 

3. These findings .support the deductions of other irn’estigators con- 
ccraing the effects of digestion on A'olume rate of blood floAV, .since our 
experiments have demonstrated that an increase in velocity of the blood 
in the entire circulatory system is the chief factor Avliieh accounts for 
increased rate of blood flow. 
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BLBCTEOCAEDIOGRAPHy IN INFANTS AND 
SJIALL CHILDREN 

Suggestions on the Technic* 

R. Earle Glendt, ]\I.D., and Margaret jM. Glendy, j\I.D. 

Boston, Mass. 

difficulties of obtaining .satisfactory electrocardiographic trac- 
* ings from infants and small ehildr'en arc well Ioioyti to those who 
have attempted this procedure. Several months ago when we began a 
series of normal control electrocardiograms on newborn infants it be- 
came apparent that the percentage of good tracings obtained ■with 
adult-sized electrodes was too small to warrant continuing unless the 
technic could be improved. 



Fjp. 1. — A-/, electrode for adults ; A-2, electrode for Infants ; 17. retaining’ .strap for 
e.xtremiUe.s ; C. reUilnlng strap for chc-st (approximately actual .size). 


The main drawbacks to the use of adults' electrodes were their large 
.size, often resulting in poor electrical contacts when applied to the tinj' 
extremity of an infant, and their weight which resulted in physical 
restraint and struggling on the pai-t of the infant to free himself. 
Thi.s', in turn, produced the artefacts due to motion so common in 
infant electroeardiogiMm.s. 

With these points in mind we have devi.sed a method of obtaining 
good tracings which, along with the judicious use of a bottle of water 
and a little patience, has proved satisfactory in eveiy case. 

•From the Cardiac Clinic and I^aboratorj', and the Pediatric Dnpnrlment of the 
3Io<=sachu.‘;ettE General Ho.epltal. 
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APPARATUS 

The infant-sized electrodes* (Fig. 1, A-2) used by us were made of German silver, 
and are of the same general design as the large electrodes now in common use, but 
measure only 2 by 4 cm. in area as compared with 3.8 by 6.6 cm. which is the area of 
the adult-sized electrode (Fig. 1, A-1), The central post for attaching the small 
electrode measm-es 1.25 cm. in height as compared with 1.65 cm. in the adult ^s elec- 
trode. 

A strip of elastic webbing 3.5 cm. wide and 15 cm. long, the end of wluch was 
reenforced with leather and a small metal ring, was used to apply the electrodes to 
each extremity (see Fig. 1, 15). 

From a piece of flat rubber 2 mm. in tliickness, a strap (Fig. 1, G) 2.5 cm. wide 
and 50 cm. long was made for appl 5 dng the chest electrode. On one end of tliis 
strap large holes (3.5 mm. in diameter) were made to flt over the base of the central 
electrode -post and on the other end small holes were made (1.5 mm. in diameter) to 
flt over the tip of the electrode post. 
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3IETHOD 

Sanborn redux pastel was used as the. contact material in applying the electrodes 
wliich were placed on the dorsum of the forearms, on the anterior fleshy portion of 
the left lower leg, and at the cardiac apex to record the chest lead, the leg electrode 
being left in place as tlie indifferent electrode. The sites of application, after being 
cleansed with alcohol, were rubbed gently with a small amount of redux paste and 
a daub of paste the size of a small pea was smeared on each electrode before it 
W'as put in place. The electrodes on the extremities hold firmly in place when the 
metal ring on one end of the retaining strap is placed over the central post of the 
electrode at its base and the loose end carried around the extremity and adjusted 
to the proper snugness by sinking the sharp point of the post into the elastic webbing. 
Similarly, in applying the electrode to the chest, one of the larger openings at one 
end of the rubber strap is placed over the base of the central post of the electrode; 
the strap is then carried around the chest and the electrode made fast by placing one 
of the many small holes over the tip of the post. 

♦Made b 5 - the Sanborn Company, Cambridge, Slass.. under the direction of Sir. 
J. L. Jenks, Jr. 
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COMMENT 

These modifications in teehniqtie ai'e reported because we feel that 
the good results obtained justify their wider use, and because the cost 
of the additional necessaiy equipment is very low. In a report on 
the “Blectz'oeardiogram in Newborn Infants,” which is soon to be 
published, we will elaborate further on some of the refinements of the 
technique. Sample tracings are shoMui in Pig. 2. 


REFERENCE 

1. Jenkis, J. L., Jr., and Graybiel, Ashton: A New and Simple Method of Avoid- 
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CHARACTERISTIC SERIAL 'CHANCES IN THE FOURTH 
LEAD AFTER ACUTE CORONARY THROIMBOSIS* 

Marcus A. Feinstein, M.D,, and Abrahaji Lieberson, BI.D. 

New York, N. Y. 

’ I ’he electrocardiograpliie changes in the conventional leads follow- 
ing acute eorohaiy occlusion have been studied in detail since the 
original descriptions by Smith, ^ HeiTick,^ Pardee, ^ and others. It has 
been stressed that these findings, such as elevated RS-T segment, 
deeply inverted coved T-waves, or abnormally deep Q-waves, are not 
constant — ^that they may change from day to day during the early 
period (first few weeks or months) of an acute coronary thrombosis.'^’ ^ 
These serial electrocardiographic changes indicate a recent injury to 
the heart and help distinguish it from an old thrombosis. 

With Wolferth and Wood’s clinical introduction of chest leads to 
the study of coronaiy thrombosis**-'*- **** (after the experimental work of 
Wilson”^), the accurac}^ of the electrocardiographic diagnosis of coro- 
nary occlusion was still further increased. Tliese Avorkers and many 
others^' found Lead IV definitelj' helpful in indicating 

the presence of acute thrombosis in a certain number of eases in Avhich 
the conventional leads were normal, or not eliaraeteristic of this 
condition. 

As in the coiiA’-entional leads, the significant findings in the chest 
lead folloAving acute thrombosis undergo serial changes from day to 
day. Tracings shoAviiig these progressive clianges have been published 
in several reports, but the subject deserves more detailed and 
specific study. Familiarity Avith the AA-^hole sequence of typical changes 
occurring seriall}^ in Lead IV after acute coronary thrombosis enables 
one to detect this condition more readilj^ in any single four-lead elec- 
trocardiogram examined. It also helps to time the occurrence of the 
thrombosis, and distinguish an anginal attack from a true thrombosis. 
These aspects aaIII be discussed later. 

The present studj^ Avas made on tweHe consecutive patients, eleven 
males and one female, diagnosed acute coronaiy thrombosis in the 
medical wards of Beth Israel Hospital. (There were three more eases 
Avhich Avere not used because death supervened before serial tracings 
could be taken.) None of the patients had received digitalis for Aveeks 
prior to admission ; no digitalis Avas administered during their hospital 
stay. The electrocardiograms Avere taken at the bedside several times 
during the first week, then once or twice a AAmek for the next four to 
fiAm Aveeks, the period of observation averaging six weeks. A follow-up 

’‘From tlie Medical Service of the Beth Israel Hospital. 
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electrocardiogram several mouths later ivas obtained in four eases. In 
the chest lead the anterior electrode (a German silver wire closely 
wound as a -watch spring, 15 mm. in diameter) in every instance was 
placed in the fourth interspace 6 cm. to the left of the midline, and 
led to the RA terminal of the string galvauometei*. The indifferent 
electrode was attached to the left leg and the LL terminal. The chest 
electrocardiogram was taken as Lead II,. the resistances being kept 
below 2,500 ohms by light rubbing of the skin with a toothbrush and 
salt paste. 

When the serial ti-acings obtained from these twelve patients with 
acute coronary thrombosis were reviewed, several striking features 
presented themselves. There was an unusual similaritj* in the ti-aeings 
of a good many of the eases, botli in the changes and in the .speed of 
progression of the changes. The ti-aeings of several patients were 
almost exact mirror images of some others (if the isoelectric line were 
considered the miiTor). In short, the electrocardiograms permitted 
an easy and satisfactoiy grouping of the sei-ial changes in Lead T? 
following acute coronary thrombo.sis into three types. 

There is one which we shall call for convenience' sake the deeply 
negative T4 (or “po.sterior’') type in which the earliest change (the 
first da}' or so after infarction) is marked elevation of the JlS-T seg- 
ment (Figs. 1 and 2), 'Within the next few days the RS-T elevation 
becomes less mai-ked and rapidly tends to approach the isoelectric 
line. Concomitantly with this is a sharp inversion of the T-wave. 
Often Q4 becomes increasingly deep and E.i decreases in size. 'Within 
the next few weeks large inverted T-waves are seen from 10 to 25 mm. 
in depth; they are often cove-planed in tins period and of the “coro- 
nary" type.-®*' During the next few weeks the T-wave tends to become 
smaller and more normal appearing. After about two months there is 
not much in Lead I'\'' indicative of the infarction except perhap.s 
a very deep Q4 with an abnormally small R4, or a deeply inverted %. 
This type, with original elevation of RS-T4 and later negative T.|, is 
associated with similar R.S-T elevations and inversion of the T-waves 
in Leads II and III. Barnes and 'Whitten have .shown that this “T3 
tj’pe" of eleeti’oeardiogx’am indicates infarction of the posterior basal 
portion of the left ventricle or of the interventricular sejxtum.^®* 

The progressive changes in Lead H’' outlined above then are to be 
ascribed to posterior infarction, justifying the name “posterior type 
of serial change, " 

The progressive changes in Lead IV of the second group (Fig.s. S 
and 4), the positive T4 (or “anterior”) tjiie, have charaderi.sties almost 
exactly opposite to the first. The earliest changes are marked depre.s- 
sion of the RS-T .segment with a T-wave which very soon becomes 
po.sitive. As the T-ivave grows taller and more positive the RS-T de- 
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pression becomes less noticeable. Concomitantly there is almost always 
mther a complete loss of tlie Q4 deflection, or at least a marked diminu- 
tion in its size. For the next few weeks tlie T-wave is likely to be 



unusually tall, and altliougli positive it lias the same coved appearance 
which characterizes the inverted coronary T-wave of Pardee, an ob- 
servation recently stressed by Wolferth and Wood.^^- «= The T-wave 
later becomes smaller. The changes in Lead IV in this group ok cases 
tend to be more permanenl^so that for months and even years_man;y' 
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eases slioiv the tjiiicai picture of infarction of this type — an absent 
Q4-wave and positive T4. Tlie changes in Lead IV described for this 
group are often associated with ES-T elevation and T inversion in 
Lead 1. This Ti change, when characteristic, has been found to indi- 
cate infarction of the anterior apical portion of the left ventricle or 
the inteiwentrieiilar septumd®- ^ The serial changes in Lead IV 
which have been described in this paragraph as of the ‘‘anterior” 
type are due then to anterior apical infarction. 

Of our twelve cases, four showed typical “posterior” type, and four 
“anterior” type of serial change. Those remaining form a third group 
of cases (the “indeterminate” type) in which the serial changes in 
the fourth lead are not characteristic or striking enough to permit 
easy classification as either one of the two main types outlined above. 
The cause for this lack of conformance to a definite “anterior” or 
“posterior” type, such as the presence of multiple infarcts, or the 
additive effects of old and recent iufai’ction, is discussed later. In 
these patients the serial changes in the conventional leads are also 
not striking, or characteristic of coronary infarction. ‘ In any case, 
however, the serial changes in this “indeterminate”' type, although 
not fitting into the two main, typical electrocardiographic patterns 
described above, are marked enough to indicate clearly that an active 
process is present in the heart. By correlation with the clinical find- 
ings we are relatively certain that these changes are due to coronary 
infarction. 

COMMENT 

Since all the patients here reported recovered from their cardiac 
attack, it is not iiossible to state with accuracy just what pathological 
process occurred in each case to give the electrocardiographic changes 
recorded. Our experience with the autopsy findings in eases of coro- 
naiy thrombosis coincides, however, in the main with those of Park- 
inson and Bedford, Barnes and 'Whitten, and Wolferth, who find 
that a typical Q3T3 t3'pe of electrocardiogram such as is .shown in Figs. 
1 and 2 is practically pathognomonic of an infarction in the posterior 
basal portion of the left ventricle or interventricular septum. Although 
lacking absolute proof, we are relativelj- certain that the serial changes 
shown in these figures are due to posterior infarction. The same con- 
siderations hold true for the QRS, ES-T, and T changes in the first 
lead in Figs. 3 and 4, which indicate an anterior infarction. It is of 
interest to note how reciprocal the registrations of anterior and poste- 
rior infarcts are in the chest lead. Fig. 1 (posterior infarct) is almost 
exactlj" the reciprocal to Fig. 3 (anterior infarct). This distinction .is 
fundamental. 

It has been stated by Baines and '^’bitten, Wolferth and Wood, 
Wilson, and others that the fourth lead does not register posterior 



76 


THE AJIEniCAN HEAET JOURNAL ‘ 


infarction as well as it does anterior. We believe this view is largely 
due to the fact that tracings were not taken earlj’’ enough after the 
infarction. Thus in Figs, 1 and 2 the RS-T segment deviation is even 
more marked in Lead IV than in any other lead, and compares with 
the deviation shown by the anterior infarct in Figs. 3 and 4. A study 
of Lead in Figs. 1 and 2 shows that the marked RS-T elevation 
after posterior infarction usually lasts only a fe-w days. The later 
changes are largely those of increasing depth of the inverted T-wave, 
During this interval of several days betwmen the appearance of the 
markedly elevated RS-T segment and the markedly inverted T4 the 
fourth lead may look fairly normal (Figs. 1 and 2). The lack of early 
and frequent tracings may then be the reason for the alleged failure 
of Lead IV to register posterior infarction. Several days later Lead 
IV shows stick marked serial changes (in the increasingly deep T- 
tvave) that the diagnosis becomes much more apparent. This indicates 
the necessity of obtaining earlj’ and frequent electrocardiograms on 
patients with possible coronary infarction. It is advisable to take the 
first tracing as soon after the attack as possible ; then daily for the 
first week; then biweekly for the first month or so if there is any 
doubt as to the clinical or electrocardiographic diagnosis, so that a 
final evaluation on sufficient grounds can be made. 

The fact that the T-wave is normally inverted in Lead IV and that 
deei> negative T-waves, as large as 35 mm., have been reported in 
normal individuals^'^ makes it more difficult to recognise posterior than 
anterior infarction in this lead after the first few da.vs of marked RS-T 
deviation are over. Of great help at this time is a correlative study 
of the QRS.1 and Ti complexes. In a normal individual, when T.i is 
deep, QRS4 is also large (25 to 40 mm.). In posterior infarction, on 
the other hand, a deep T.i (10 to 20 mm.) is often associated with a 
relatively low QRS (Figs. 1 and 2), In fact, QRS is sometimes smaller 
even than T4, and is often slurred. 

It is to be noted that the serial chaiiges in Lead IV aftei’ eoi'onary 
thrombosis (no matter which type) can be conveniently grouped as 
early, midperiod, or late, depending upon how soon after the infarc- 
tion these cliange.s are likely to appear. We can classify the RS-T 
deviations and the changes in the initial ventricular complex (absence 
of Q4, or absence of ID as early, making their appearance the first 
few days. The tali, .sharply peaked T-waves aj’e generally clinracter- 
Lstie of the midperiod (first to third week) ; while the late changes 
seen even months after the infarction are almost exclusively in the 
ventricular complex — in anterior infarction it is the small or absent 
Q4 and positive T4; in posterior infarction it is the very deep Q4, or 
the negative T^ which i.s disproportionately deep in comparison with 
the small QRS. 
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Both the T and QRS changes following coronary thrombosis may 
be transient. Of these the T changes are often the only ones seen in 
mild eases, and are more likely to be ephemeral ; while the QES changes 
are nsuallj’' more permanent. 

The large positive or negative T4 waves usually last only a few 
weeks and appear to be clinieallj’’ associated with activity of the 
cardiac process.^’’ The treatment that a patient with coronary throm- 
bosis receives is, of course, determined largely by his clinical course; 
still it is probably Avise to consider the process an active one ivhile the 
T4 waves are changing rapidl}'-, and to keep the patient at rest. 

Aside from the fact that, in general, posterior infarction is known 
to liaA^e a better prognosis than anterior infarction, it appears that 
those eases which show the eharaeteristie, striking, rapidly changing 
electrocardiogram in Lead (and the conventional leads) fare bet- 
ter clinically than those showing less marked, slower, and less typical 
electrocardiographic changes. This is probably based on the fact that 
extensn’e single infarcts or multiple infarcts involving both the ante- 
rior and posterior Avails of tlie left A’^entricle give electrocardiographic 
changes Avhich tend to be reciprocal, and balance each other. There 
are cases (as in Fig. 4) in Avhich the serial changes in the conventional 
leads are not marked and do not fit easily* into a characteristic pat- 
tern, but in which the Lead IV .changes are prominent and typical. 
The conformity to type in these cases indicated a faA’orable prognosis, 
AAdiieh the clinical course ampty confirmed. 

It should be stressed in closing that a familiarity Avith the serial 
changes in the fourth as Avell as in the conA^entional leads is often 
of use in confirming a diagnosis of infarction suggested by a single 
electrocardiogram. In some cases, particularly in anterior infarction, 
the eoiiA'^eiitional leads at first were within normal limits, AA’^hile Lead 
IV Avas already definitely suggestive of anterior infarction (Fig. 4). 
Furthermore, the serial changes in the conventional leads Avere mini- 
mal, while in the fourth lead they were marked and fitted into a 
characteristic pattern of anterior infarction. In some other eases, as 
in Figs. 5 and 6, the progresstye changes are only slight in the con- 
ventional leads and are not as confirmatory of the clinical impression 
of coronary thrombosis as is Lead IV, Avhere the changes fit into a more 
diagnostically typical pattern. These considerations form the basis for 
the use of serial four-lead electrocardiographic studies in the confirma- 
tion of the clinical diagnosis of coronary occlusion. 

SUMMARY AND CONCLUSIONS 

1. Frequent serial four-lead electrocardiograms Avere ; obtained, on 
twelve patients with the clinical diagnosis of acute coronaiy throm- 
bosis. The serial changes in the precordial lead permitted ready group- 
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ing into three types, the “anterior infarct type (4 cases), the “poste- 
rior infarct type (4 eases), and the “indeteminate” type (4 cases). 

2. Anterior infarction causes serial changes in the chest lead almost 
exactly opposite to those produced by posterior infarction. In anterior 
infarction the ES-T segment is at first depressed. As this returns to 
normal the Q-wave becomes smaller and the T-wave more upright. 
Soon the classical picture of anterior infarction is shown ; absent Q^, 
and lapright, coved T-wave. Posterior infarction shows at first a 
markedly elevated RS-T segment in Lead R''. As this returns to nor- 
mal, Q4 becomes large, and T4 is unirsually deeply inverted. 

3. As in the conventional leads, the RS-T segment changes are likely 
to be the earliest ones; the markedlj* coved, sharply peaked or tall 
T-waves are more characteristic of the midperiod (the first 3 to 4 
weeks). The changes which characterize the late stage of coronary 
thrombosis and which appear to be permanent in a good many eases 
are the abnormal fonn of the QRS and the direction of the T-wave. 
The change in Q4 (either very deep in posterior infarct or absent in 
anterior infarct) is often among the first to appear and the last to 
disappear. Three or four mouths after the eoronary infarction there 
is little serial change in Lead IV. 

4. If electrocardiograms are taken early enough, the presence of a 
posterior infarct is registered as surely in the fourth lead as an 
anterior. 

0. One should view with suspicion a preeordial electrocardiogram 
which corresponds to any of the tracings published here, for they 
I’epi’esent the many changes possible after eoronary thrombosis. Par- 
ticular emphasis is laid on any tracing showing an elevated KS-T 
segment or a disproportionately deep negative T4 wave (often seen 
in posterior infai’ction). 

6. Occasionally a patient will not demo7istrate a characteristic pat- 
tern of serial changes in the conventional leads and will do so in the 
chest lead. The fact that the fourth lead serial changes fit into a 
definite pattern not only helps substantiate the diagnosis of coronary 
infai’ction but often permits localization of the infarct. 

7. A know'ledge of the expected serial changes in the four-lead elec- 
trocardiogram is useful in making the differential diagnosis between 
a second infarction and a simple anginal attack after the original 
infarction. In the latter there will be no interruption in the sequence 
of the serial changes due to the original infarction. If a new occlusion 
occurred, however, the sequence ivill be internipted by new findings 
prominent in all leads, e.specially the fourth, 

8. Cases of corohai’j’ thrombo.sis which give electrocardiographic 
changes fitting easily into the classical types described above .seem to 



PETNSTEI^’- Als’D LIEBERSON : SERIAL CHANGES IX LEAD IV 


81 


have better prognoses tliaii tlie indeterininate t}'j)e with small, slowly 
developing, atyjiieal changes. This may be because the infarction is 
single and not large. 


extremelj- indebted to Dr. I. IV. Held and Dr. A. A. Epstein on ^vhose 
medical services these patients -R-ere studied, and to Dr. H. Vesell for the cordial 
cooperation of the electrocardiogrraphlc department in this work. 
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THE DURATION OP SYSTOLE IN HYPOCALCEMIA* 

Paul S. Baricer, Praxklin D. Johxstox, i\I,D., axd 
Prank N. AYilsox, M.D. 

Ann Arbor, Mich, 

' I ’HE purpose of this paper is to report observations on the duration 
A of “electrical systole” as measured the Q-T interval of the elec- 
troeardiogram, and of “mechanical .systole” as measured in records 
of the heart sounds in the presence of abnormally low blood serum 
calcium content. It has previously been reported that the Q-T interval 
of the electrocardiogram is prolonged when the serum calcium is low. 

In 1922 Carter and Andi’us^ described prolonged Q-T intervals in six 
patients with infantile tetany and in lliree patienis witli adult tetany, 
all with low serum calcium values. One of the adult patients had been 
taking large amounts of sodium bicai’bonale, another had pyloric ob- 
struction, -while the third had tetany of undetermined origin. In all 
instances the Q-T interval became .shorter as the serum calcium rose in 
response to treatment. 

In 1929 White and Mudd'^ reported prolonged Q-T intervals in two 
patients with tetanj' and lou' .serum calcium, and a shortened Q-T in- 
terval in one ijatieut with elevated .scrum calcium, Tiie Q-T intervals 
returned to normal as the serum calcium values were restored to normal. 
One other ease had normal Q-T intervals, both when tlie serum calcium 
was elevated and when it was normal. In one out of five patients with 
uremia the Q-T interval was prolonged. Systole was not prolonged in 
patients with hypertension. 

In 1932 Spalding’s observations were reiwrtcd by Ballin.'”' He ob- 
served that in tetany following thyroidectomy the Q-T interval was 
prolonged, but that it returned to normal after successful parathyroid 
tramsplant. Furthermore, in hyperparathyroidism the Q-T interval 
was shortened, but returned to normal following ])arathyroide(;tomy. 

In 1936 Kellog and Kerr* reported two ))atients with hyporpai’athy- 
roidism and hypercalcemia in which the Q-1' intervals were shortened. 
After operation the .serum calcium di'oppcd to normal and the Q-T 
intervals rose to normal. 3’he shortening of the Q-T intervals was not 
considered to be .sufficiently pronounced to be of value in the clinical 
diagnosis of hyperijarathyroidi.sm. 

It has long been known*' that the duration of ventricular .systole 
is related to the heart rate. A number of fonnulas have been devised 
to express this relationship. One of the mo.st satisfactory of these 

•From thr- Depurisni-nt of Jntornui I'nlviTrfty of 
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formiilae is Bazett’s,' systole = K V cycle. In normal men Iv was 
found to vary between 0.34:2 and 0.392, with an average value of 0.36S. 
In normal women Iv varied between 0.36 and 0.44, with an average 
value of 0.399. In our observations we have aiiplied Bazett’s formula 
and have used K as an expression of the duration of systole, thus taldng 
into account the effects of variations in heart rate. 

"We have recently observed nine patients inth abnormally low serum 
calcium values and abnormally prolonged ventricular systole as meas- 
ured from the beginning of the Q-ivave to tlie end of the T-wave of the 
standard electrocardiogram. The essential data are given in Table I. 

TilBLE I 


The Duratiox of Systole as Measitred in Electroc^vrdiogkajis and Heart Sound 
Eecords, Expressed in Seconds, and the CALcimr and Inorganic Phosphorus 
Values of the Blood Seruji, Expressed in Mg. Per 100 C.C. 
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Tiiree of these patients were women who liad hypoparathja'oidism and 
tetany following subtotal thyroidectomy In them the response to treat- 
ment could be followed sufficiently closely to demonstrate that as tlie 
serum calcium rose to normal the duration of systole became sliorlor 

(Fig. 1). 

The other six patients had nephritis with i-enal failure and uremia, 
accompanied by abnormally low serum calcium values. 'I'hcir eleclro- 



FJsr. I. — Four elcctrocaraiosrams. Lead II, of each of two women v/JUi hypoiKii^- 
Ihyroldtem following subtotal thyroidectomy. The dates of the curves arc given, aFo 
the blood serum calcium and phosphoru.s values in milligrams per 100 c.c., nna the 
dates upon whicli these determinations were carried out. K is tli e inde x or ttic oora- 
tlon of sy.stolc as determined from Bazctt'.s fonnuin, sj-.stolc = ICVcycle. 


cardiograms showed prolonged Q-T intervals (Fig. 2), They did not 
live long and it was not possible to ob.serve variation.s in .sysfole as re- 
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lated to changes in the serum calcium content. All six of these x^atients 
had hypertension. In several of tliem it was thought, upon admission 
to the hospital, that hypertensive heart disease was the chief disease 
from which tliey were suffering. The electrocardiograms, however, 
showed such strildng prolongation of the Q-T interval as to suggest 
hj^pocalcemia. This led to a study of tlie renal function, and to the 
discovery of renal failure as the most important condition jiresent. The 
prolonged Q-T interval may be of diagnostic importance in the recogni- 
tion of otherwise unsuspected conditions associated with low calcium 
values. 



Fig. 2. — Simultaneovis electrocardiograms. Lead I, and heart sound records of three 
patients “with hypopai*throidism, first column, and three patients TVith nephritis 
uremia, second column. The dates of the curves and of the determinations of the 
blood serum calcium and phosphorus determinations ime given. K is the index of the 
duration of systole as determined for the electrocardiograms and the sound records 
from, Bazett’s formula. 


In the three eases of hypoparathyroidism and in three of the cases 
of nephritis, tlie heart sounds were recorded simultaneous^' with the 
electrocardiogram (Fi^- 2). It was found that the duration of sj' stole, 
as measured from the beginning of the first sound to the beginning of 
the second sound, was normal. Bartos and Burstein^^ reported in 1924 
that in normal men mechanical sj’stole is about 3 to 5 per cent shorter 
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than electiical systole, as measured respectively in heart sound records 
and in electrocardiograms. They also found that during altered con- 
ditions of the circulation mechanical and electrical systole usually, but 
' by no means always, changed in the same direction, Imt only rarely to 
equal degree. In these patients with hypocalcemia, K was from 15 to 
37 per cent less for mechanical systole than for electrical systole. In 
several normal individuals in whom we recorded electrocardiograms and 
heart sounds simultaneously, K was from 3 to 8 per cent le.ss for mechan- 
ical systole than for electrical systole. In one instance it was 3 per cent 
greater for mechanical than for electrical systole. 

.SUAIAIARY 

The Q-T interval of the electrocardiogram is abnormally prolonged 
in the presence of abnomallj' low blood serum calcium levels. This 
ma 3 ' be very striking, and may be of diagnostic value in the recognition 
of otherwise unsuspected conditions a.ssociated with hypocalcemia. The 
duration of mechanical sj'stole, as measured in heart sound records, 
is not prolonged in hypocalcemia. 
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THE POSTURAL EFFECTS ON BLOOD PRESSURE FOLLOWING 
INTERRUPTION OP THE VASOBIOTOR NERVES OP j\IAN^= 

Grace M. Roth, Ph.D.I 
Rochester, Minn. 

r)LOOD pressure is maintained by the minute output from the heart, 
•L' the volume of blood, the elastieit}- of the blood vessels, and the 
peripheral resistance. Under normal conditions the quantity of blood 
remains the same for fairly long periods of time; elasticity of the blood 
vessels is a minor factor and is associated with the peripheral resistance. 
Blood pressure, as a result, is more closely dependent on the energy of 
the heart and the peripheral resistance. These conditions are controlled 
by nervous, chemical, and mechanical factors which interact to maintain 
blood pressure at a constant level. The nervous control, or vasomotor 
mechanism, includes an efferent portion, associated with the peripheral 
vascular system, which regulates the size of the peripheral vascular bed. 
This is under control of a central mechanism. The efferent portion has 
its effect, for the most part, on the arterial side of the circulation, more 
precisely on the arterioles rather than on the larger arteries. 

The vasomotor nerves to the splanchnic region control the greater 
portion 'Of the blood vessels of the abdominal viscera. Inasmuch as a 
large part of the total blood in the body is contained in this region, 
in animals the general arterial blood pressure is more markedly altered 
b}^ section of the splanchnic nerves than by section of any other nerves 
in the body. In man, an upright animal, in the change from the hori- 
zontal to the upright position, the splanchnic nerves should, no doubt, 
play a predominant role in the maintenance of blood pressure. 

. I desired to determine what happens to blood pressure and pulse rate 
when voluntary change from the recumbent to the upright posture was 
made by persons whose splanchnic nerves had been interrupted. The 
following tjqjes of men or women were studied: (1) as controls, those 
whose condition was normal; (2) also as controls, those whose blood 
pressure and pulse rate were normal before operation but whose vaso- 
motor pathways to the abdominal ^dscera had been interrupted for 
postcholecystectomy pain or megacolon; (3) those whose vasomotor path- 
ways to the abdominal viscera had been interrupted because of hyperten- 
sion. In addition, the response in the vasomotor system following the 
operations referred to in the foregoing sentences resembles the vaso- 

♦Abridgment of thesis submitted to the faculty of the Graduate School of the 
University of Minnesota in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. 

tPellow in Physiologj% The Mayo Foundation. 
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motor response of patients wlio liave orthostatic hypotension. For 
comparison, therefore, it was considered desirable to record the change 
in blood pressure and pulse rates of patients who had orthostatic hypo- 
tension when they voluntarily changed from the recumbent to the 
upright posture. 

The concept underlying the work was accepted as worthy of investi- 
gation by the late Dr. G. E. Brown when it was still in the realm of 
speculation. The investigation was pursued with his cooperation and 
with that of Doctors Adson, Craig, Mann, Essex and Allen. 

METHODS 

A standard mercury manometer was used for all determinations of blood pre.ssurc. 
Generally the cuff was placed on the upper part of the right arm of the subject and 
the calibrated mercurj’- scale stood as high above the floor as the mattress of a bed. 

The variations in blood pressure and pulse rate were observed (1) with the 
subject horizontal, after he had been lying quietly for a half hour, and (2) follow- 
ing his voluntary change to the upright position. This period of rest was par- 
ticularly necessary if the blood pressure of the patients who had liypertension was 
to reach a basal level. Observations of blood pressure were made until two consecu- 
tive readings of the systolic pressure were within 2 mm. of each other and turn 
consecutive readings of the diastolic pressure were likewise within 2 mm. of each 
other. The pulse rate was noted simultaneously with the reading of blood prcs.surc. 
The voluntary change from the horizontal po.sition to the upright one was made 
with the least po.ssible muscular effort. Observations of blood pressure and pulse 
rate were noted one and two minutes after the change. The readings made after 
tu'o minutes were recorded. Since patients with hj 7 }ertension are most sensitive to 
psychic stimulation, the upright position was attained by voluntary movement of the 
patient rather than by means of the tilt table; motion of the tilt table tends to startle 
patients. ‘Whenever a change in posture is mentioned in this paper, the change is al- 
ways from the horizontal to the upright position. 

The severity of the hypertension was graded by Dr. Wagencr,!-’' according to 
the appearance of the retinal arterioles and the presence or absence of retinitis. His 
classification is as follows: Group I, minimal amount of narrowing or sclcro.sis; 
Group II, moderate amount of sclero.sis without active .spasm; Group III, retinitis 
with moderate spasm and .sclerosi.s, and Group IV, retinitis with .spa.sm, sclerosis, and 
choked disks. 

Re.section of the splanchnic nerves, for lowering the blood pre.s.sure of patients 
with hypertension, was first suggested by Danielopolu® in 192.3. In 1924 Pende^ 
proposed, before the Congre.ss of Internal Medicine at Milan, surgical treatment 
of arterial hj-pertension which consisted of resecting the left splanchnic nerves. 
Adson, in 1925, performed bilateral lumbar sympathetic ganglioncctomy and 
trunk re.«eetion in an attempt to lower the blood pressure. The operation included 
the second, third, and fourth lumbar ganglions on both sides, but definite drop in 
blood pressure did not occur. Neither did unilateral ccrvicothoracic sympathetic 
ganglioncctomy produce an effect on the blood pre.ssure of a patient who had hyper- 
tension. Following thi.s, several foreign .‘•urgeon.e’*. n perfonned unilateral splanchnic 
rc.section on patients ivith lij-jicrtension and other arterial disease!?, with some favor- 
able re.sults. 

In 1930, Ad.son,3 with the aid of Cr.aig, .‘■•cefioned the ventral roots of both sides 
from the sixth thoracic to the second lumbar inclusive. Tlii.s operation is known ns 
exten.eive bilateral, ventral rhizotomy. The systolic blo.xl pre.^sure dropped from 
200 mm. to 100 mm. of mercurj'; unfortunately, p o.s tope ra live hemorrhage developed, 
and tilthougli the clot wa.s removed, p.artial spastic paraplegia developed ftnd 
persisted. At this time this procedure was discontinued (in an unsat isfaciory one. 
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Craig, 5 in 1932, performed posterior, iofradiapiiragmatic resection of the splanciinic 
nerves with removal of tlie first lumbar ganglion. The operation was applied first to 
one side and then a similar technic was employed ten days to two weeks later on the 
other side. For convenience, tlus operation is designated as posterior, infra- 
diaphragmatic, bilateral resection of the splanchnic nerves and bilateral removal of 
the first lumbar ganglions. 

Since the patient on whom extensive rhizotomy had been performed still maintained 
a decrease in systolic and diastolic pressure after three years, with results far more 
striking than those produced by bilateral posterior, infradiaphragmatic resection of 
the splanciinic nerves and removal of the first lumbar ganglions, Adsons returned to 
extensive, bilateral, ventral rhizotomy in 1933. l^iereas, in some of the cases the 
extensive, bilateral, ventral rliizotomy extended from the fifth thoracic to the second 
lumbar segments, inclusive, a modified operation was used in other cases so that in 
some instances the bilateral, ventral rhizotomj* included the eleventh thoracic to tlie 
second lumbar inclusive, the tenth thoracic to the second lumbar inclusive, the ninth 
thoracic to the second lumbar inclusive, the eighth thoracic to the second lumbar 
inclusive, the seventh thoracic to the second lumbar inclusive, and the sixth thoracic 
to the second lumbar inclusive. In two instances, the ventral nerve roots from the 
sixth thoracic to the twelfth thoracic, inclusive, were sectioned. In two other in- 
stances, the extensive, ventral rhizotomy was performed in two stages, first from the 
tenth thoracic to the second lumbar, inclusive, and later from the sixth to the ninth 
thoracic, inclusive. 

As the extensive rhizotomy, whether done in one or in two stages, was a formidable 
procedure, Adson,3 in 1935, performed extensive resection of splanchnic nerves with 
partial removal of the celiac ganglion, removal of the first and second lumbar 
sjunpathetic ganglions and intervening trunks, and partial resection of the supra- 
renal gland. This operation was done in two stages, first on one side and, about two 
weeks later, on the other side. 

Following the surgical procedures, readings of blood pressure and of pulse rate 
were not made until sufficient time had passed to eliminate all aspects of shock 
and general weakness. The period chosen was twenty-five to twenty-eight days after 
rhizotomy and the same length of time after the second operation of the two-stage 
procedure. 

The methods used for determining the approach to completeness of the sympathetic 
denervation Avere a sweating testis performed by the cobaltous chloride and heat 
method and determination of the cutaneous increase in temperature's of the lower 
extremities. The cutaneous temperature was measured by means of the thermo- 
couple described by Sheard. 

MATERIAL 

The readings of blood pressure and of pulse rate were determined on 
183 subjects before and following voluntary change from the horizontal 
to the upright position. The subjects were divided into two major 
groups, depending on whether surgical procedures had or had not 
been performed. 

Group I, or the group composed of subjects who were not operated 
on, included ninety indi\uduals, and these were dmded into two classes, 
description of which will appear in the respective paragraplis under 
“Results.” 

Group II, or the group composed of patients who were operated on, 
included ninety-three individuals, and these were divided into eight 
classes, description of which also wdR appear in the respective para- 
graphs under “Results.” 
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RESULTS 

Group I. Suljects Not Subjected to Operation 

Glass 1. Normal Suhjects.~T;\\c. individuals of tins class consisted of 
eighty physicians, nurses and other persons; all were in good health as 
far as could be detei-mined. Their ages ranged from twenty to sixty 
years, inclusive, with an average age of thirty-four years. Assumption 
of the upright posture by these persons produced an average increase 
of 8 mm. in diastolic blood pressure and no increase in the systolic pres- 
sure. The cardiac rate increased an average of fourteen heats per min- 
ute (Table I). 
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Table II 


Eixiod Pressure and Pulse Kate With Postural Change in Casks or 
Postural Htfotension 
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Gla^s 2. Patients ^Ylw Had, Postural. Hypotension. — this class ■were 
ten persons, whose ages ranged from thirtj'-iive to srxt 3 '-foiir 3 "ears in- 
clusive, with an average age of forty-eiglit 3 rears. Tlie 3 ^ are included in 
the report because abnormal findings associated with function of the 
vasomotor S3'stem were similar to those jii’oduced b3’' certain operations 
on the sympathetic nervous system. The effects on blood pressure and 
pulse rate of rising from a bung to an upright j^osture are given in 
Table II. 

Group II. Patients Subjected to Operation 

Class 1. Patients Subjected to Various Surgical Procedures Other 
Than on the Sympathetic Nervous System. — The individuals of this class 
consisted of thirt 3 ’--five patients. Their ages ranged from sixteen to 



■ Standi-n^i I = Operation 


Pig-. 1 . — The effects of posture and operation on blood pressure. Before operation, 
the blood pressure of the patients represented was normal. Fi-om left to right the 
columns represent Classes 1, 2. 3 and 5. 

seventy years, with an average age of forty-two years. The average 
blood pressure was 120 mm. of mercury s3’Stolic and 75 mm. diastolic. 
The patients were subjected to cholec 3 'stectom 3 ', appendectomy, nephree- 
tom 3 '^ and laminectomy. The studies were made on this class to deter- 
mine the effect of operation, if any, on the blood pressure and ]mlse 
rate, and the effect on the postural changes in blood pressure. Results 
are given in Tables III and IV and in Fig. 1. 

Glass 2. Patients Subjected to Bilateral Cervicothoracic Sympathec- 
tomy {Adson-Craig Technique^). — In this class were five patients, four 
of whom had Ra 3 uiaud’s disease and one of whom had essential lyper- 
hidrosis. Their ages ranged from eighteen to thirty-five years, with an 
average age of twenty-eight years. Their blood pressure was within 
normal range. Results appear in Tables III and IV and Pig. 1. 
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Table IV 


The A-v-eilvge Increase (+) or Decrease (-) ix Blood Pressure 
and Pulse Rate as a Result of Operation* 
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, lumbar ganglions 
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7th thoracic — 2nd lumbar, 
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12 

Bilateral splanchnic resec- 
tion, partial resection of 
the celiac plexus and bi- 
lateral partial resection of 
the suprarenal glands, 
with bilateral removal of 
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bar ganglions and the in- 
tervening trunks 

-42.7 

-18.5 

4- 1.1 

-63.6 

-34.3 
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‘The purpose of this table is not to be confused with tliat of Table III. Whereas 
the primary purpose of Table III is to show the efiect of_ change in posture, the 
primarj’ purpose of Table IV is to show the effect of operation. 
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Class 3. Patients Subjected to Pilaieval Lumbar Sympathectonm 
{A.dson-Graig Technique^) .—In this class were six patienls, one of wlioiii 
had Rajuiaud’s disease, four of whom had chronic infectious arthritis 
and one of whom had tliromhoangiitis obliterans. Their ages ranged 
from fourteen to forty-three years with an average age of thirty-two 
years. The blood pressure readings Avere within normal range. Re- 
sults appear in Tables III and IV and Pig. 1. 
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Fig-. 2. — The pfTftct.*; of posture anJ op'-rntfon on IJooil prf;.«suro. Tho patlfint.« 
had cssc-ntlal hypertension. Kroin left to right tho columns rcprc.‘'‘'nt Classc’s -i, C. 7 
and 8. 


Class 4. A Palicnt Subjected to Bihiicral Section of Intercostal 
Nerves From the Seventh to the Eleventh, Inclusive. — This class is rep- 
resented by onB' one patient, Jle was fifty-three yeiim of age imd had 
essential hypoidension of a severity whicli would jilacc his ea.se in 
Wagener’.s Group III. This operation Avas jierforincd because some of 
the patients Avith postural liypolension and some of the patients folloAv- 
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ing ventral rhizotomy had experienced, when in the upright position, 
an elevation of blood pressure above the level of syncope, after applica- 
tion of a tight abdominal binder. Therefore, the suggestion was made 
that relaxation of the intercostal and abdominal muscles would decrease 
the blood pressure, particularly when the subject was in the upright 
position. Results are given in Tables III and lY and Fig. 2. 

Class 5. Patients Sxibjecicd to Bilateral Section of Splanchnic Nerves, 
With Bilateral Bemoval of the First and Second- Lwnhar Ganglions . — 
This class is represented by two patients, one aged twenty-two years and 
the other forty-one years, whose blood pressure was normal. Operation 
was performed for postcholecystectomy pain in one case and for mega- 
colon in the other. Results are given in Tables III and lY and Pig. 1. 

Glass 6. Patients Subjected to Posterior Jnfradiaphragmatic Bilateral 
Resection of Splanchnic Nerves and Bilateral Removal of the First 
Lumbar Ganglions. — This class is represented by six patients who had 
essential hyi^er tension. Theii* ages ranged from twenty-two to forty-six 
years, with an average age of thirt^'-seven years. The average s.ystolie 
blood pressure in the horizontal position before operation was 188.1 mm. 
The average diastolic blood pressure in the horizontal position before 
operation was 119.1 mm. Other data are given in Tables III and W 
and Fig. 2. 

CZus.s 7. Bilateral Ventral Rhizotomy. — This class is represented by 
twenty-six patients, all of whom had essential hypertension of varying 
severity. The class is divided into eight subclasses, depending on the 
extent of the rhizotomy. 

Subclass 1. Bilateral ventral rhizotom.v from the eleventh thoracic to 
the second lumbar, inclusive. The operation at this level was performed 
on one woman, aged twenty-eight years, who had essential hypertension, 
which by Wagener’s classification would be of Group II. The sj^stolic 
blood pressure in the horizontal position before operation was 185 mm. 
of mercury and the diastolic blood pressure under the same conditions 
was 120 mm. The pulse rate, before operation, increased from 88 beats 
per minute in the horizontal position to 110 beats in the upright position. 
Other data are given in Tables III and and- in Figs. 2 and 3. 

Subclass 2. Bilateral ventral rhizotomy from the tenth thoracic to 
the second lumbar, inclusive. Six patients were operated on at this level. 
The ages ranged from thirty-seven to fifty-one years, -with an average 
age of forty-four years. 

All the patients except one had very severe essential hypertension, 
Group III or lY (Wagener’s classification). Tlie In-pertension of the 
exceptional patient was of Group II. Before operation, with the patient 
in the horizontal position, the average systolic blood pressure was 19-t.6 
mm. Following operation, when the patient was in the horizontal posi- 
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tion, the average systolic blood pressure was 175.6 mm. The postural 
change in this group was more than twice as great following operation 
as before operation. The average diastolic blood pressure before opera- 
tion was 121.3 mm. Other results are given in Tables III and IV and in 
Pigs. 2 and 3. 

Subclass 3. Bilateral ventral rhizotomy from the ninth thoracic to 
the second lumbar, inclusive. Five ])atients were operated on. TJie 
ages ranged from forty-four to fifty-three years, wtli an average age 
of fifty years. They all had essential hypertension (Wagoner’s Group 
III). The average sy.stolie blood pre.ssure in the horizontal position be- 
fore operation was 215 mm. This decreased to 196 mm. when the up- 



T'lg. 3. — ^The effects of posture and oper.aUon on blooH pressure. The patients 
essential hypertension. The columns repre.sent, in order from left to r!f;ht. the elitht 
8ubclasse.s of Class 7. 


right position wa.s a.ssumed. In this group the postural change of the 
sj^stolic blood pressure before and after o])eration was the same, even 
though the actual jiressurc in both position.s was 30 mm. less after opera- 
tion than before operation. Before openilion tlie average diastolic blood 
pressure was 136 mm. when the patient wa.s in the Jiorizontal position 
and I'cmuined the .same when he assumed tlie upright position. Tlie 
average pulse rate before operation, in the horizontal position, was 76.6 
beats per minute. Other data are give in Tables III and IV and in 
F5g.s. 2 and 3. 

Subclass 4. Bilateral ventnal rhizotomy from the eighth thoracic to 
the secomi lumbar, inelusivc. One patient, aged (hirly-si.x ycara, who 
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had essential lij^ertensioii of Wagener’s Group II, underwent rliizotomy 
at this level. Before operation, with tlie patient in the liorizontal posi- 
tion, the systolic blood pressui’e was 224 mm. The changes of the systolic 
pressure resulting from posture were definitely decreased both before 
and after operation. The diastolic blood pressure in the horizontal 
position, before operation, was 140 mm. The pulse rate in the horizontal 
position before operation was 88 beats per minute. Other results are 
given in Tables III and IV and in Pigs. 2 and 3, 

Subclass 5. Bilateral ventral rhizotomy from the seventh tlioracic to 
the second lumbar, inclusive. One patient, aged tliirty years, who had 
essential hypertension, Group IV (Wagoner’s ela.ssification), was sub- 
jected to this operation. The s 5 *stolie blood pressure before operation, 
in the horizontal position, was 190 mm. Following operation, in the 
change from the horizontal to the upright posture, the systolic blood 
pressure changed markedly in comparison with the postural change 
before operation. The diastolic blood pressure in the horizontal posi- 
tion before operation was 140 mm. After operation, in the change from 
the horizontal to the upright posture, the diastolic pressure decreased 
to a level of 80 mm. of mercury. This was 50 mm. less than the postural 
change before operation. The pulse rate before operation in the hori- 
zontal position was 92 beats per minute. Other results are given m 
Tables III and W and in Pigs. 2 and 3. 

Subclass 6. Bilateral ventral rhizotomy from the sixth thoracic to 
the twelfth thoracic, inclusive. Two patients underwent this operation. 
Their ages were thirty-five and thirty-eight years, respectively. Both 
had essential hj^jertension of Wagoner’s Group IV. The average 
systolic blood pressure in the horizontal position before operation was 
205 mm. of mercuiy. After operation, the change in blood pressure 
produced by assumption of the upright position was not as great as be- 
fore operation although the pressures were definitely lower: 165 mm. 
in the horizontal position and 153.5 mm. in tlie upright position. The 
average diastolic blood pressure in the horizontal position before opera- 
tion was 122.5 mm. The average pidse rate in the horizontal position 
before operation Avas 92 beats per minute. Other results are given in 
Tables III and IV and in Figs. 2 and 3. 

Subclass 7. Bilateral ventral rhizotomy from the sixth thoracic to 
the second lumbar, inclusive. Seven patients w^ere subjected to this 
operation. Their ages ranged from tAventy-three to forty-five years, with 
ah average age of thirty-four years. All had e.ssential hypertension. Of 
fiA-e, the condition Avas of Group III (Wagoner’s classification); of one, 
Group III plus, and of one, Group IV. The average systolic blood 
pressure in the horizontal position before operation Avas 215.7 mm. The 
decrease in systolic blood pressure caused by A-oluntary change in posture 
(horizontal to upright; measurements made after operation only) A\'as 
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slightly gi-eater than the decrease in systolic blood pressure caused by 
operation (measurements made in the horizontal position only). The 
change in blood pressure caused by change of posture (mentioned in the 
previous sentence) was not nearly so great as the difference between 
the blood iiressure before and after operation (measurements made in 
the upright position only). The average diastolic blood pressure in the 
horizontal position before operation was 145.7 mm. of mercury. There 
was a definite decrease in the dia.stolic pressure caused by voluntary 
change in posture (horizontal to ujiright, measui’cments made after oper- 
ation only). The decrease mentioned in the preceding sentence was 
onlj’- half as great as the difference between the diastolic blood pressure 
before and after operation (measurements made in the upright position 
only). After operation tliere was a definite decrease in the diastolic 
blood pressure but only one-half as great as the difference in the diastolic 
pressure in the upright position following operation. The average pulse 
rate in the horizontal position before operation was 87.4 beats per 
minute. Other results are given in Tables III and IV and in Pigs. 2 
and 3. 

Subclass 8. Bilateral ventral rhizotomy from the fifth thoracic to the 
second lumbar. Three patients were subjected to this operation. Their 
ages ranged from twenty-two years to forty-two years, with an average 
age of thirty-two years. The fir.st patient had e.ssential hypertension, 
Group II (Wagencr’s classification) and the oilier two had essential 
hypertension, Group III. The average systolic pre.ssure in the liori- 
zontal position before operation was 202.6 mm, of mercury. The change 
in systolic blood pressure eau-sed by operation (measurements made in 
the same iiosition after, as before, operation) was nearly three times as 
great as the change in .systolic blood pressure eau.sed by voluntary 
change in posture (liorizontal to upright, measurements made after 
operation only). The average diastolic pressure in the horizontal po.si' 
lion before operation was 135 mm. of mercury. The decrease in diastolic 
blood pressure with voluntary change in posture (horizontal to upright, 
measurements made after operation only) was not nearly so great a.s 
that caused by operation (measurements made in the same jiosition 
after, as before, operation). The average pulse rate in the horizontal 
position before operation was 78 beats per minute. Other flgnre.s arc 
given in Tables 111 and IV and Figs. 2 and 3. 

Class 8. Patients Subjected to PitaUral Splanchnic Ticseciion, Partial 
Uesection of the Celiac Plexus and Bilateral Partial Bescction of the 
Suprarenal Glands, With Bilateral Removal of the First and the Second 
Lumbar Ganglions and the Intervening Trxnihs. — Tin's eJa.ss wa.s rep” 
rc.sentcd by twelve patients who had c-Ksentia! hypertension of i'arying 
severity. Their agc« ranged from twenty-one to forty-.seven years, with 
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an average age of thirty-three years. Four of them liacl essential 
hypertension, of Group II (Wagener’s classification), and eight had 
essential hypertension, Group III. The average systolic blood pres- 
sure was 188.0 mm. The change from tlie honzontal to the up- 
right position following operatioji produced marked change in the 
systolic blood pressiu’e in comparison to the decrease with change of 
posture before operation. The postural change mentioned in tlie j^re- 
ceding sentence was only one-half as great as the change caused by 
operation (measurements made in the horizontal position only) and 
one-third as great as the change caused by operation (measurements 
made in the upright position only). The average diastolic blood pres- 
sure in the horizontal position before operation was 120.9 mm. In the 
change from the horizontal to the upright position (measurements made 
after operation only) the decrease in diastolic blood pressure was only 
one-third as great as the difference between the diastolic pressure before 
and after operation (measurements made in the upright position only). 
The average pulse rate before operation Avas 83.8 beats per minute. 
Other results are given in Tables III and IV and in Figs. 2 and 3. 

COMMENT 

The problem of the maintenance of blood pressure is more complicated 
in man than in animals because of the added factor of gravity conse- 
quent to the upright position of man. This implies in man either a 
mechanism Avhieh is more complex or which maintains a more delicate 
regulatory control over the mass of blood in the body. NVhen a man 
rises from the horizontal to the upright position, the blood tends to 
accumulate in parts below the level of the heart and the supplj" to the 
brain tends to diminish. Theoretically, this diminution stimulates the 
vasomotor center which sends out impulses constricting the arterioles 
generally. The A'asoconstrictor action in the splanchnic region is prob- 
ably most significant and in normal man prevents a fall in blood pres- 
sure. If this constriction of the arterioles of the splanchnic region in 
man is the dominant mechanism in the maintenance of blood pressure 
in the upright position, inteiTuption of the passage of impulses from 
the vasomotor center to the splanchnic arterioles should remove some of 
this control and allow a definite drop in the blood pressure, particularly 
in the upright position. It should be possible to remove this control by 
section of the splanchnic nerves. 

The splanchnic nerves of animals have been sectioned, but the in- 
vestigations reported were not comparable to this study because the 
observations on blood pressure Avere made under anesthesia in some in- 
stances and in all cases in one position, the horizontal one. In the 
present study the obsei’Amtioiis of blood pressure and pulse rate Avere 
made on human subjects in both the horizontal and the upright positions. 
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Sufficient time was allowed foi’ the subjects to recover from surj^ical 
shock so that the experiments were not acute and were not complicated 
by anesthesia. 

It is interesting to note that in observations of human subjects wlioso 
blood pressure was normal, the blood pressure was found to be pi'ac- 
tically unchanged bj' various operations, including extensive splanelinic 
resection. Even in tiie upright positioii their blood pressure was the 
same after operation as before it. 

The patients who had e.ssential hypertension and who underwent 
bilateral, posterior, infradiapliragmatic resection of the .splanchnic 
nerves showed practically the .same change in blood pre.ssure when they 
assumed the upright position following operation as tlicw liad shown 
before operation. Since the .splanchnic nerves may show a varied ana- 
tomical di.stribution, the denervation may not have been complete in tliis 
operation. 

In the eases iii which partial ventral rhizotomy was performed, it is 
evident that unless complete denervation of the splanchnic region was 
accomplished, no great change in blood pre.ssure took place in the .shift 
from the horizontal to the upright position. After extensive ventral 
rhizotomy, at least from tlie seventh thoracic to the second lumbar, in- 
clusive, the effect of posture in decreasing the blood pre.ssure was prac- 
tically twice as great as before operation. With this operation, section 
of fibers which formed the splanchnic nerves, along with denervation 
of the suprarenal glands and paralysis of the muscles of the abdominal 
wall, were effected. The question might be rai.sed as to the influence of 
the I0.SS of muscular tone of the abdominal wall. In one ca.se bilateral 
section of the intercostal nerves from the seventh to the eleventh inclu- 
sive was done and caused paralysis of the muscles of the abdominal wall 
but caused no effect on the blood pre.ssure when the upright position 
was assumed fi’om the horizontal. This would appear to demonstrate 
that relaxation of the intercostal and abdominal muscles alone was not 
sufficient to lower tlie blood pre.ssure in this instance and that the vaso- 
motor system plays the predominant role in the decrease of blood pres- 
sure when the upright position is assumed from the horizontal position. 
■\Wiere<'is relaxation of the intercostal and abdominal rnnscles obviously 
was not a dominant factor in the lowering of the blood pressure in thi.s 
particular case, it is probably an accessory but minor factor in lowering 
the blood prcjusurc following extensive rhizotomy. Evidence of this has 
been obtained by ai^plication of a tight abdominal binder which pre- 
vented the marked fall in blood ju’fsstjre as a result of the upright posi- 
tion. Denervation or resection of the .suprarenal glands alone appar- 
ently has not greatly affected the blood pnissurc in east's of e.s.scJj(ial 
hvpcrtcn.sion. In one case <jf essential hyr)ertension, not referred to. 
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here, but mentioned by Adson, Craig, and Bro\vn in tiieir paper, Walters 
completely removed one suprarenal gland and removed three-fifths of 
the other suprarenal gland but produced little effect on tlie blood pres- 
sure. 

In the last group of patients -on whom liilateral splauelmie resection; 
partial resection of the celiac plexus and bilateral partial resection of 
the suprarenal glands with bilateral removal of the first and second 
lumbar ganglions and the intervening trunks were performed, the re- 
sults of posture on blood pressure were practically the same as in the 
casas of extensive ventral rliizotomy. . Whereas resection of the lumbar 
ganglions alone did not cause the blood pressure in the upright position 
to be less after operation than it had been in the same position before 
operation, when performed in addition to bilateral resection of the 
splanchnic nerves, it seemed to furnish by vasodilatation a larger vas- 
cular bed with less resistance, thereb.y helping to lower the blood pres- 
sure. Evidence of the imxiortanee of lumbar ganglionectomy was given 
by the effect on the blood pressure of two patients who were subjected 
to bilateral ventral rhizotomy* from the sixth to the twelfth thoracic, 
inclusive, and by the effect on the blood pressure of the group of patients 
who underwent ventral rhizotomy from the sixth thoracic to tlie second 
lumbar, inclusive. The decrease in blood pressure, witli cliange from 
the horizontal to the upright position, was tliree times as great following 
the latter as folloving the former operation. 

In this study, the similarity between postimal hypotension and tlie 
results obtained by anterior rhizotomj* is evident. Following extensive 
ventral rhizotomy, the postural effects produced and the loss of sweating 
were the same as in some cases of postural hji^otension. 

Operation on the sympathetic nervous system does not cause much 
change in blood pressure of normal individuals but does cause change 
in blood pressure of persons who have essential hjiiertension. The 
question arises as to the cause of this difference. The etiology' of essen- 
tiah hypertension is not definitely known. It has been suggested that 
it may be either a central abnormality, such as hj-persensitivity of the 
vasomotor center in the dieneephalon, or an abnormality of the pe- 
ripheral mechanism. It is possible that normal blood pressure is main- 
tained automatically without much participation of a central pressor 
mechanism, whereas increased blood pressure results somewhat from a 
eentrai pressor mechanism, disconnection of which from the peripheral 
effectors allows a drop in blood pressure when the patient stands. 

It is evident from these studies that significant decreases in blood 
pressure of patients who have essential Inqiertension, particularly in 
the upright position, are not produced by surgical methods except when 
extensive abdominal sympathetic denervation is effected. 
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SUMAIARY 

Before posterior hifradiaphragmalie bilateral resection of the splanch- 
nic nerves and bilateral removal of the first lumbar ganglions, voluntary* 
change to the upright from the horizontal position in six patients who 
had essential hypertension caused an average decrease of 9 mm. in the 
systolic blood pressure and an average increase of 8.4 mm in the diastolic 
blood pressure. The cardiac rate increased an average of ll.S beats 
per minute. Following operation, assumption of the upright position 
produced an average decrease of 9.1 mm. in the .s.vstolic blood jn-e.ssure 
and an average increase of 3.2 mm. in the diastolic blood pressure. The 
cardiac rate increased an average of 12.3 beats per minute. 

Voluntary change from the horizontal to the upright position by 
twenty-six patient.s, after ventral rhizotomy, caused varied results ac- 
cording to the ex1ensivene.ss of denervation. Before operation, assump- 
tion of the upright position by one jiatient caused no change in the 
systolic blood pressure and an increase of 10 mm. of meremy' in the 
diastolic blood j)re.ssure. The heart rate increased 22 beats per minute. 
This patient was subjected to ventral rhizotomy from the eleventh 
thoracic to the second lumbar, inclusive. Following opei’ation, a.ssurap- 
tion of the upright position produced a decrease of 15 mm. in the sys- 
tolic blood pressure and a decrease of 5 min. in the diastolic blood pres- 
.surc. The cardiac rate was unchanged. Before operation, assumption 
of the upright position by .seven patients who had e.ssential hypertension 
caused an average decrease of 21.4 mm. of mercury in the systolic blood 
Ijressure and an average dcerea.se of 3.9 mm. in the diastolic blood pre.s- 
sure. The average cardiac rate was increased 38.9 beats per minute. 
Tiiese patients were subjected to ventral rhizotomy from the sixth 
thoj'acie to the second lumbar, inclu.si\'c. Following operation, assump- 
tion of the upright i>osition produced an average decrease in the .sy.sloHc 
blood 7 >ressure of 49.8 mm. and an average dec.rea.se of 23.9 mm. in the 
diastolic blood i)ressure. The heart rate increased an average of 29,C 
beats j)er minute. Ithizotorny between these two levels gave results 
almost in })ro])orlion to the extensivene.s.s of the .sym])athetic denervation. 

Before e.xten.sive bilateral splanchnic re.seetion, paidial resection of 
the celiac plexu.s and bilateral jmrtial resection of the suprai’cnal gland.s, 
with bilateral rmnoval of the fir.st and .second lumbar ganglions and the 
intervening trunk.s, as-sumjjtion of the upright position by twelve pa- 
tients who had essential Iiypeilension produced no change in the systolic 
blood jjrcN'fine and an average increase in the diastolic blood fire,ss«re 
of 5,3 mm. The; pulsf rale incrca.sed an average of 32 beats jx'r mintife. 
Following ojjoration, a.ssumption of the upright position juoduced an 
averatre (h-ercasc of 21.4 mrn. in the systolic blood x>reKSure and an aver- 
age dcercftsc of 30.5 mm, in th<* dia.stolie blood pressure. The pul.se rate 
inercas'-d an a%'er.'!ge of 32.9 heats jxt minute. In both the grouj) of 
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eases in which extensive rhizotomy was performed, and in this group, 
the decrease of 21.4 mm. caused by posture was only about one-tlurd 
as great as the total decrease caused by a combination of operation and 
posture. It would seem, tlierefore, that the lowered blood pressiire.s 
following these surgical procedures are ascribable one-third to an intro- 
duced postural effect and two-thirds to the effects of the operations them- 
selves. 

Finally, significant decreases in l)lood pressure of patients who had 
essential hypertension, particularly when they were in tlie upriglit 
position, were not produced by surgical metliods except when extensive 
abdominal sjunpathetic denervation was effected. When less radical 
operations were performed, the magnitude of the decrease seemed 
roughly proportional to the extent of the denervation. 
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ANGINA PECTORIS AT THE AGE OF FOURTEEN ASSOCIATED 
WITH CONGENITAL RUDIMENTARY RIGHT CORONARY 
ARTERY AND RUDBIENTARY POSTERIOR CUSP OF 

j\UTRAL VALVE 

Walter B. Whiting, M.D. 

Wichita Falls, Texas 

Case History. — J. F., a wliite gclioolgirl, aged fourteen year.«, was admitted to the 
Wicliita Falls Clinic-Hospital on Nov. 5, 19.3G, complaining of attacks of severe pre- 
cordial pain. 

She had had ‘ ' rheumatism ’ ’ at the age of six and was confined to bed for a period 
of two weeks at that time. The knees were stiff and swollen, but no elevation of 
temperature was recorded. Following thi.s illness, she had noticed slight dyspnea 
when jilaying out of doons with other children. Otherwise, except for chickcnpo.x, 
measles, and whooping cougli, she had been well until tlio time of lier pre.sent illnes-s. 

Present illness began in Dec., 1935. Following exposure to cold she .suddenly 
complained late one afternoon of severe substemal pain radiating up into the neck 
and into the left arm. The pain ceased .spontaneously. Similar attacks occurred 
every afternoon for the next week, after wliicli they became more frequent and 
severe. The family physician was called and the patient was pmt to bed. After a 
month of rest in bed she began to get up and around the house though attacks 
continued. Mild attacks were reliex'ed by merely standing erect; severe attacks 
required morphine. 

During the extreme hot weather of the summer of 193G, she began to complain 
of dy.spnea, which gradually became severe. The attacks of pain began to come 
at very frequent, though irregular, intervals. In the morning and late in the after- 
noon they would occur every twenty minutes unless morjdiine was given for relief. 
During the rest of the day and night they would occur at intervals of one or two 
hours. The attacks were always induced by excitement or by the slightest exertion. 

On Nov. 5, 1936 she was brought to the hospital. Soon after admission she was 
seen in a typical attack. She suddenly complained of agonizing substemal pain 
which forced her to stand erect. The pain radiated up into the left side of neck 
and down the left arm. Just before the attack occurred her blood pressure was 
140/0 mm. but during tlie attack it rose to 230/0 mm. Her heart rate increased 
from 100 to 130 and numerous extrasy.stoles appeared. 

Physical examination showed an apprehemsive, dy.=pneic, cyanotic girl, fairly 
well developed, and poorly nourished. There was marked pulsation of the vessels of 
the neck. 

Examination of the heart showed the rate to be 100, with occasional extrasj'stoles. 
The apex impulse was hea^ang and forceful. There was marked enlargement, vritb the 
left border in the anterior axillary line in the sixth interspace, A sj'.stolic murmur 
of moderate intensity' was heard all over the precordium. Along the left sternal 
border and at tbe apex there was a loud blowing diastolic murmur, immediately 
following the second sound. 
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The lungs Avere clear. The liver edge was barely palpable below the right costal 
margin. There was slight edema of the ankles. There was marked pulsation of all 
peripheral vessels. Her examination otherwise was negative. Her temperature 
nas normal throughout entire period of liospitalization. 

Ziaioiatoiy Findings. — ^TJrine: acid, specific gravity 1.020, albumin none, sugar 
none, sediment negative. Eenal function tests normal. Blood: Wassermann test 
negative, hemoglobin SO per cent, erythroej’te count on repeated examinations — 
3,950,000 to 4,500,000, leukocj-te count on repe.ated examination 7,900 to 8,600. 

X-ray examination of the lieart showed the following: 

Six-foot films of the chest showed no pulmonary abnormality, but a very large 
cardiac shadow' which appeared to be a generalized hj'pertrophy without the 
diagnostic shape of anj' particular lesion was evident. 

The electrocardiogram showed the following: P-waves normal. P-E interval .18 
second. There was left axis deviation. T, inverted. T. and Tj upright. There were 
occasional ectopic beats of ventricular origin. 

Clinical Diagnosis . — Valvular disease: chronic cardiac; aortic insufficiency; 
angina pectoris; hj-pertension. 

Treatment . — Immediately following admission to the hospital, the patient was 
given 1 c.c, of salyrgan intravenously and was digitalized. Dyspnea was completely 
relieved in twenty-four hours, but ty'pical attacks of angina pectoris continued, 
nitroglycerin administered nnder the tongue gave relief in a very few minutes. 

After a few* days of rest in bed, the attacks became much less frequent, occurring 
only from four to eight times in twenty-four hours. Aminopliyllin was then given for 
a period of Vvo weeks without apparent benefit. On December 3 the patient began 
to sit up in a chair for twenty minutes twice a day. Following this her activity 
was gradually increased. Attacks of angina were no less frequent until Jan. 4, 
1937, after which they occurred only once or twice in twenty-four hours. Vlien 
free of pain her blood pressure was generally about 160/0 mm. During attacks it 
rose to between 200 and 220 systolic but the diastolic pressure remained at 0. 
The patient gained much strength. Her weight increased from 96 to 104 pounds. 
On February 5 she was discharged greatly improved. 

On February 8 she returned complaining of severe abdominal pain of thirty-six 
hours’ duration. Physical signs typical of acute appendicitis were present. Leucocyte 
count was 21,000. Under morphine, evipal, and novocaine anesthesia the abdomen was 
opened arid a gangrenous appendix was removed. Immediate postoperatir’e condition 
was excellent. The next day her temperature gradually rose to 108° F. Heart rate in- 
creased to 140. ►She became pale, weak, and delirious. All pain was controlled 
by morphine. Exitus occurred on the third day following operation. Permission 
to perform an autopsy was obtained, but examination was limited to the abdomen 
and heart, and it was requested that all the organs be returned to the body. 

PATHOLOGICAL REPORT 

The appendix removed Feb. 8, 1.937, measured 6 cm. by 7 mm. It was acutely in- 
flamed and covered Avith exudate. There was pus in the lumen. The walls were 
denseB' infiltrated with pol^'morphonuclear leucocytes and there AAere man^ small 
necrotic areas throughout. 

Autopsy Findings . — There Avere no signs of generalized peritonitis. The ap- 
pendiceal stump was apparently in good condition. It was surrounded by a local- 
ized peritonitis of moderate seA'erity. 

The pericardial sac contained about 40 c.c. of straAv-colored fluid. The heart was 
moderately enlarged, Aveighing 425 grams. The bulk of the heart consisted of a 
greatly hypertrophied left ventricle, the Avails of Avhich measured 19 mm. in thickness. 
The right ventricle Avas atrophic, tlie Avails measuring only .3 mm. in thickness. The 
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pulmonic and tricuspid valves were normal. Tlie aortic ring was markedly dilated. 
The aortic cusps showed no vegetation and were normal except for a rolled appear- 
ance of the edges, due to the dilation of the aortic ring. The mitral valve consisted 
of a large anterior cusp only. The posterior cusp was practically absent. The left 
coronary artery appeared to be normal though large. The right coronary artery 
\vas rudimentary consisting of a small indentation into which no probe could be 
pushed. The course of the right coronary arterj' could not be followed over the 
surface of the ventricle. The conditions under which the autopsy was performed 
did not permit injection or dissection of the coronary arteries. There were no areas 
of infarction. 

Microscopic examination of the wall of the right ventricle showed atrophy of the 
muscle fibers, fatty invasion about the arterioles and replacement fibrosis. Micro- 
scopic examination of the left ventricle showed hj-perplasia and thickening of the 
muscle fibers. There was no pathological cellular infiltration of the muscle of 
either ventricle. 

Microscopic examination of sections of'the aortic and mitral valve cusps showed no 
pathology. 

Anatomical Diagnosis. — 1. Congenital abnormality of the heart: rudimentaiy 
posterior cusp of the mitral valve; rudimentary right coronary artery. 2. Ap- 
pendicitis: acute with abscess. 3. Peritonitis: local. 

COMMENT 

Angina pectoris in early life is probably not a.s tmcommon as a survey 
of the literature would indicate. No recent case reports can be found. 

Attention is called to the clinical diagnosis of valvular disease, which 
was based upon the physical findings and the history of “rheumatism” 
followed by progressively increasing symptoms of heart failure. 

Past mortem, no signs of inflammatorj’^ reaction could be found on the 
heart valves or in the heart muscle. A congenital insufficienc3* of the 
mitral valve increased the work of the left ventricle, apparentlj' causing 
the h3T)ertroph.y of the muscle. No cause for the insufficiency of the 
aortic valve could be found other than the greatlj’^ dilated aortic ring 
resulting from the deformity of the heart. 

The marked difference in the appearance and size of the ventricles of 
the heart "was accounted for bj”^ the inadequate blood supply of the 
right ventricle and the increased work of the left ventricle. 

The poor development of the right coronary artery was apparent!}' 
congenital in origin although the po.ssibility of a thrombosis with sub- 
sequent atrophy sometime after birth cannot be entirely excluded. 

The relationship of the hypertension to the other findings is not clear 
except that it was another load to be carried by the burdened left ven- 
tricle. 

The anatomical basis for angina pectoris in this case cannot be defi- 
nitely established. It is probable that the following factors were of 
greatest importance: A blood .supply to the right ventricle which had 
been inadequate since birth; a blood supply to the left ventricle, which 
though adequate at first, was rendered inadequate by hj'pertrophy and 
by increasing work. 



COARCTATION OF THE AORTA (ADULT TYPE) ; CONGENITAL 
BICUSPID AORTIC VALVE; SUBACUTE BACTERIAL 

ENDOCARDITIS 

Case Report* 

H. P. Wechsler, il.D., AND Einar Gustafson, M.D. 

New York, N. Y. 

' I ' HE following case is reported for several reasons besides its com- 
parative rarity. Our patient illustrated two common complica- 
tions of this defect which are of clinical importance, namely, the asso- 
ciation of coarctation of the aorta with congenital bicuspid aortic 
Amlve and the tendency for the malformed valve to become the seat 
of an infective endocarditis. In addition, a histological examination 
of seiial sections through the subdiwding ridge of tlie bicuspd valve 
was made to prove its congenital origin. 

According to Abbott,^ the incidence of bicuspid aortic valve in 
relation to a given number of consecutive autopsies has not been 
accurately determined but she believes it probably approximates that 
of Osier’s,- and of Lewis and Grant’s^ series (1.3 and 1.4 per cent 
respectively). Coarctation of the aorta of the adult type is of much 
greater rarity, being found in only 0.006 per cent of a large series of 
necropsies gathered by Blackford.^ The frequenc.y with which both 
defects are associated has been stressed by Hamilton and Abbott.'"’ 
In 200 cases of coarctation of the aorta which they analyzed, a con- 
genital bicuspid valve was present in 51 or 25 per cent. AbbotU has 
collected a total of 67 cases of the combination. 

The etiology, pathogenesis, and clinical significance of both con- 
genital defects have been dealt with adequately in the literature, 
especially by Abbott and by Blackford, and need not be considered 
here. 

CASE REPORT 

C. G., ivhite male, aged thirty years, -vvas admitted to the Leno.x Hill Hospital, 
Jan. 10, 1936, complaining of dyspnea, weaknes.s and palpitation. One year prior 
to admission, he had suffered from dyspnea and fatigue. Those symptoms disap- 
peared after a short period of treatment. Two weeks prior to admission, the above 
symptoms returned, and in addition, he complained of a dull aching, precordial pain 
on exertion. He had also suffered from hoarseness and a dry, nonproductive cough 
for several months. 

His previous history was irrelevant . except for a hernioplasty performed in 1924 
and gonorrhea at the age of twenty years. S.vphilis was denied. 

Physical examination showed an apprehensive, white male, moderately cyanotic 
and dyspneic. A "brassy’’ cough was present. 

*From the Medical Service of Dr. Otto M. Schwerdtfeger, Lenox Hill Ho.'spital. 
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The pupils were slightly irregular hut both reacted to light and in accommodation. 

There was marked arterial pulsation in the neck and the veins were distended 
but did not fill from below. A tracheal tug was present. The thyroid gland was not 
palpable. 

The thorax exhibited posteriorly many tortuous pulsating vessels, especially along 
the vertebral borders of the scapulae and along the lower margins of the ribs. At 
these sites could be felt a marked systolic thrill and in the posterior interscapular 
regions, at the level of the third dorsal vertebra, a loud blowing systolic murmur was 
audible. The internal mammary arteries were not visible. The lungs were resonant 
throughout. Moist rales were present at both bases. 

The heart was moderately enlarged downward and to the left, the apex beat being 
visible in the sixth intercostal space in the anterior axillary line. Both systolic and 
diastolic thrills were palpable over the base. A diastolic thrill was also felt at the 
apex. The aortic sounds were replaced by a harsh, systolic murmur followed by a 
prolonged, high-pitched diastolic blow which was transmitted do^vnward and to the 
apex and was best heard at the second left interspace. At the apex, in addition, a 
loud blowing systolic murmur was audible. The pulse was Corrigan in type, regular, 
rate 86. The blood pressures in the extremities were as follows: right arm: 160/50; 
left arm: 190/56; right leg: 108/80; left leg: lOi/SO. A capillary pulse was 
present. 

The liver and spleen were not palpable. There was an absence of pulsation of the 
abdominal aorta. 

The extremities showed slight cyanosis but no clubbing. There was no edema. 
The reflexes were physiological. 

Lahoratortf Data . — ^Blood count on admission: Hemoglobin, 94 per cent (Sahli) ; 
red blood count, 4,.300,000; white blood count, 10,600; poljTnorphonuclears, 76 per 
cent ; lymphocytes, 13 per cent ; monocytes, 11 per cent. 

Urinalyses showed a specific gravity range from 1.008 to 1.029, albumin 1 to 2 
plus; and red blood cells on only one occasion, two weeks before death. 

Blood and spinal fluid Wassermann te.sts were negative. 

Bepeated blood cultures revealed the constant presence of Streptococcus viridans. 

Electrocardiograms taken on several occasions showed variations in the P-E inter- 
val from normal to 0.34 second and widening of the QES complex to 0.12 second 
at times. The ventricular complex was slurred in all three leads. ■ The P-wave was 
notched in Leads I and II and frequently inverted in Lead 111, 

Eoentgenograms of the chest revealed an absence of a prominent aortic knob, 
dimpling of the descending aorta in the left oblique po.sition,- and .scalloping of the 
lower margins of the eighth and ninth ribs. 

Course . — The temperature rose on the day after admission and continued elevated 
until his death. It was remittent in character and its upper level ranged between 102° 
and 103° P. His course was uneventful, except for the discomfort incident to the 
fever, until the eighteenth day, when an episode of pain and tenderness in the left 
upper quadrant occurred. The spleen was not palpable and no friction rub was 
audible. Later, occasional petechiae in the conjunctivae appeared, and the finger- 
pads were painful and tender at times. Microscopic hematuria did not occur until 
the sixtieth day. Late in the course of the disease, the spleen was palpable. He 
became progressively weaker, more anemic, and then developed signs of congestive 
failure with orthopnea, right hydrothorax, and tender, palpable liver. He ex- 
pired on the eighty-fifth day of hospitalization. 

AUTOPSY 

Anaiomical description . — The body was that of a well-developed and well-nourished 
male. The skin and mucous membranes were slightly jaundiced. One petechial 
hemorrhage was found imside the left lower lid. 
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On opening the thorax, the heart was seen to be markedly enlarged to the left 
with some compression of the lung. The right pleural cavity contained about 100 c.c. 
of clear, amber fluid. The right lung was removed with ease and weighed 775 gra. 
The left lung was densely adherent to the parietal pleura and weighed 725 gm. Both 
lower lobes and the posterior half of the right middle lobe showed scattered areas 
of consolidation. 

The pericardial sac contained about 30 c.c. of slightly turbid, pale yellowish 
fluid. The heart and aorta weighed 800 gm. (Fig. 1). The right auricle and ven- 



Pig. 1. — Drawing- of the left ventricle and aorta sliowing the bicuspid aortic valve 
involved by a vegetative endocarditis and the site of tlie coarctation. 


tricle were moderately dilated. The tricuspid valve measured 6 cm. in diameter and 
the endocardium over the leaflets was smooth and pale gray. The right ventricular 
wall was S, mm. thick. The pulmonary valve, artery, and veins showed no gross 
anatomical lesions. The left ventricle was markedly hj-pertrophicd and dilated and 
the middle of its anterior wall was 2.6 cm. thick. The papillary muscles were In-per- 
trophied. The mitral valve measured 4 cm. in diameter. 

The coronary arteries were dilated ^and exhibited a few scattered, yellowish, in- 
timal plaques. 



110 


THE AjrERICAN HEART JOURNAL 


Tlie aortic valve exhibited but two corni)lete cusps. One lay posteriorly and 
somewhat to. the right and represented the coronary-free cusp. The other lay 
anteriorly and slightly to the left. The latter was subdivided at approximately its 
middle by a shallow ridge. Tlie division of this cusp into right and left anterior 
cu.sps was not marked by any indentation on its ventricular surface. Both cusps 
were partially covered by large friable vegetations. The vegetations almost com- 
pletely covered the entire length of the coronary-free cusp and extended do%vn on 
the posterior surface of the aortic cusp of the mitral valve. Only the left half of 
the other cusp was involved by the vegetations, which had, however, ulcerated 
througli the cusp near its posterior insertion. IVliere visible the free edges of the 
cusp were thickened and rounded. Both coronary orifices arose about the level of 
the origin of the ridge. Tlie left coronary orifice lay approximately in the center 
of that portion of the sinus of Valsah’a between tlie raphe and tlie anterior inser- 
tion of the double cusp. The right coronary orifice lay close to the in.sertion of 



Kig. 2. — PhotomicroEiraph of a section of the raphe of the bicuspid vaU'C (Xl5)‘ 

Weigrert's elastic tissue stain. 

this cusp, 1.4 cm. from the raphe. The subdividing ridge measured 15 mm. in 
length, its greatest width located near its center measured 0 mm. and its greatest 
height measured 5 mm. It was pearly gray and smooth and ividened near its inser- 
tion to assume a bifid appearance and to fuse ivith the cusp, 8 mm. below its free 
edge. There was a small, mottled, yellowish, nodular thickening of the raphe at 
its origim The coronary-free cusp measured 3.8 cm. and the double cusp, 4,2 cm. 
in length. 

The aorta rapidly enlarged after its origin to form an aneurysmal dilatation 
which bulged ouUvard and to the right. Its -wall was markedly thinned. Immedi- 
ately above the valve, the circumference of the aorta ivas 9,.3 cm. and its greatest 
width at the aneurysm was 13.1 cm. At the level of the innominate arterie.s, it 
had narrowed to 4.8 cm., at the left carotid, to 2.1 cm. and at the left subclavian, 
to 1.8 cm. Beyond the left subclavian there was a sudden narrowing of the aorta 
to where it terminated at the level of the closed ligamentum arteriosurn, 32.0 cm. 
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above the. aortic valve. The descending aorta, 2 cm. below the stricture, had \videned 
to 3.5 cm. The branches from the arcb as well as the abdominal branches were 
dilated. The internal mammary arteries averaged 8 mm. in diameter. Above the 
anterior commissure and the coronary-free cusp were several raised, yellowish, 
arteriosclerotic plaques. There were several such plaques about the orifice of the 
right innominate and in the narrow termination of the aorta. 

The parietal and visceral abdominal peritoneum were grossly normal. The liver 
was enlarged, weighing 1,975 gm. and extended 8 cm. below the costal margin. On 
section, it was yellowish pink in color and the parenchymal markings were indistinct. 
The spleen was enlarged to about twice its normal size, weighed 300 gm. and was 
covered by a smooth, dark bluish capsule. It was soft in consistency. On section, 
the pulp was softened and congested and the corpuscles were prominent. The 
kidneys were slightly enlarged, each weighing 200 gm. The capsules stripped with 
ease and the surface was smooth and congested. On section, the markings were 
indistinct. The other organs were grossly normal. 

The anatomical diagnosis was: hjqiertrophy and dilatation of the left heart; 
bicuspid aortic valve; vegetative endocarditis involving the aortic and mitral valves; 
coarctation of the aorta (adult type) ; aneurysm of the ascending aorta; moderate 
arteriosclerosis of the aorta; right hydrothorax; left chronic adhesive pleuritis; 
bilateral bronchopneumonia; congestion and fattj” degeneration of the liver; acute 
splenic tumor; congestion of the kidne 3 's; petechial hemorrhage in the conjunctiva 
of the left lower eyelid. 

Sisiological Examination . — Serial sections through the aortic half of the sub- 
dividing ridge, including the adjacent portion of the sinuses, were stained -ivith 
hematoxj’lin-eosin and Weigert’s elastic tissue stain (Fig. 2). These showed the 
aorta adjacent to the ridge to be composed of the usual three layers. The intima 
exhibited a rather well-defined internal elastic lamina. The inner two-thirds of the 
media had an abundance of elastic fibrils arranged in the classic pattern, while 
the outer tliird was composed of fibromuscular tissue and contained very few elastic 
fibrils. As the ridge was approached, the elastic portion of the media became nar- 
rowed and condensed. The intima was continued over the ridge, as was the major 
portion of the condensed layer of the media, both being so fused that a definite sub- 
endothelial laj'er or internal elastic lamina could not be distinguished. The rest of 
the condensed layer was broken up and lost in the fibromuscular tissue at the base 
of the raphe. The body of the ridge was composed of irregular whorls of hj-aline, 
fibrous tissue which was continuous with the outer third of the medial coat. Small 
collections of elastic tissue fragments were present near the surface of the ridge. 

Sections through the aorta showed a moderate fibrosis of the media. In the floor 
of the aneurj'smal. dilatation it was markedly thinned. 

The heart muscle showed occasional small collections of leucocjfes and moderate 
congestion. The lungs showed congestion, edema, and bronchopneumonia. The 
liver was congested and exhibited marked fattj- degeneration. The spleen was deeph' 
congested. The- glomerular tufts of the kidney's were swollen and some were 
partially adherent to the capsule. A moderate tubular degeneration was pre.«cnt. 

COaiJIENT 

The case here reported is a typical example of coarctation of the 
aorta of the adult type exhibiting the classical clinical and roent- 
genographic findings which made possible a diagnosis during life. 
Its clinical importance does not end here as it illustrates the fact that 
a; diagnosis of an associated congenital bicuspid aortic valve could 
also have been made with a great degree of certainty. The frequency 
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of its combination with coarctation of the aorta lias already been 
alluded to. The tendency of the malfonned valve to undergo a 
chronic sclerotic process with re.sultant thickening, calcification, and 
deformity and the predilection for this chronic lesion to become the 
seat of acute or .subacute infectious endocarditis ai-e well known. 
Leivis and Grant'** have showm that subacute bacterial endocarditis is 
the cause of death in a great majority of tlie cases of bicuspid aortic 
valve. The occurrence, therefoi-c, of a subacute bacterial endocarditis 
involving the aortic valve in a case of coarctation of the aoida, should 
make it highly pi’esumptive that a bicuspid aortic valve is also pre.sent. 

The absence of embolic phenomena in the abdominal viscera and the 
lower extremities is of interest and is easily explained by the anatomi- 
cal conditions present. 

Pathologicallj'', the bicuspid valve confoms in eveiy way to the 
macroscopic criteria for a congenital bicuspid Amlve as first formu- 
lated by Osier” and then by Lewds and Grant^ and to the distinctive 
microscopic features as de.scribed by the latter. The microscopic 
critei'ia are natui'ally more important, as the frequency of superim- 
posed degenerative or infective processes on the valve make the dif- 
ferentiation between those of congenital origin and those due to post- 
natal inflammatory fusion extremely difficult on gi-oss appearance only. 

The aneury.smal dilatation of the aorta is the usual concomitant of 
coarctation and is a common cause of death, 

summary 

A case of coarctation of the aorta is presented wffiich was associated 
■svith a congenital bicuspid aortic valve on which was superimposed a 
subacute bacteidal endocarditi.s. A histologic examination of the raphe 
of the malformed emsp is included. 
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ANEUEYSM OP THE AECH OP THE AORTA DUE TO 
PERSISTENCE OP A PORTION OP THE- DUCTUS 
ARTERIOSUS IN AN ADULT«= 

3\Iark D. Altschule, M.D. 

Boston, ]\Iass. 

Incomplete closure of the ductus arteriosus is not an uncommon 
post-mortem finding in infants who die during the first weeks of 
life. Persistence of onl}’" a portion of the duet of Botalli in adults, 
however, is exceedinglj' rare ; the only previously reported case avail- 
able in the literature is that of Hebb.^ 

REPORT OP CASE 

J. O. (Hospital No. 74509, Med. No. 39173), a fifty-six-year-old married Scotch 
upholsterer, vith an irrelevant past history, entered the Peter Bent Brigham Hos- 
pital for the second time on Feb. 3, 1932, complaining of increasingly severe dyspnea 
on exertion of three and one-half years’ duration. He had also had a severe dry 
hacking. cough, orthopnea, and slight swelling of the ankles beginning in June, 1931, 
requiring admission to the hospital at that time. Hospitalization resulted in only 
temporary improvement. Physical examinations at the time of both admissions to the 
hospital were essentially the same, the principal physical findings consisting of 
respiratory difficulty, cyanosis, enlargement of the heart to percussion, a harsh 
apical systolic murmur, auricular fibrillation, numerous rales in both lungs, slight 
enlargement of the liver, and -slight edema of the anlcles. The blood pressure was 
230 mm. of mercury systolic and* 140 mm. of mercury diastolic. Ophthalmoscopic 
examination revealed absence of disc margins and physiological cupping, and the 
presence of marked vascular changes and many patches of hemorrhage and exudate 
in both eyegrounds. During the two weeks of liis second hospital stay he had repeated 
attacks of fever, slight jaundice, tachycardia, and exacerbation of dyspnea. He 
died suddenly on Feb. 19, 1932. 

Autopsy (No. A32-19) was performed fen hours post mortem. 

A cone-shaped sacculation, measuring 1 cm. in diameter at its base and 1 cm. in 
depth, was found springing from the wall of the aorta at the point at which it crossed 
the pulmonary artery. The apex of the cone pointed toward the pubnonary artery, 
and was connected with it by a fibrous cord 1 cm. long. The attachment of the 
fibrous cord was marked by a dimple 2 mm. in diameter in the intima of the pul- 
monary artery. A mottled greyish yellow, granular, adherent thrombus filled the 
sacculation and extended 3 mm. beyond its orifice. On microscopic examination of 
the aneurysm, capillaries and young fibroblasts were seen growing into the base of the 
tlirombus from the much thickened subjacent intima. Endothelium was growing 
from the adjacent portion of the intima of the aorta over the top of the thrombus 
at its edges. The cord running from the aneurysm to the pulmonary artery was 
found to consist of dense collagen containing a few clusters of round cells. The 
intima of the pulmonary artery was tliickened at the point of attachment of the 
fibrous cord, wuth which it, was continuous. Paralleling tliis fibrous cord were small 
bundles of smooth muscle. 

The heart weighed 550. grams; the tliickness of the wall of the left ventricle was' 
14 to 16 mm. and that of the right, 2 to 4 mm. A mural thrombus filled the left' 
auricular appendage; another was situated on the posterior wall of the left auricle, 
and a third, 1 cm. in diameter, overlay an area of recent infarction of the same 

»Prom the Patholos-ical Laboratoo', Peter Bent Bripljam Hospital. 
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size in the apex of the right ventricle. The left lung contained twelve areas of 
recent iicmorrhagic infarction. The other important findings consisted of moderate 
generalized arteriosclerosis, moderate arteriolar medial hyalinization and hypertrophy 
in the heart, brain, and all the abdominal viscera, inarhcd congestion of all the 
organs, marked central necrosis of the liver, small areas of hemorrhage in the brain, 
pancreas, and bladder, slight vascular nephritis, chronic cholecjstitis, and evidence 
of a small amount of acute and chronic inflammation of the pancreas. One medium- 
sized artery in the pancreas was filled with an organizing thrombus. 

DISCU.SSION 

Complete patency of tlie ductus arterio.sus is a congenita] anomaly 
not uncommonly found in adults. Incomplete closure of the ductus 
in an adult, however, lias heretofore been noted only once. The only 



Figr. !.■ — Section through the incompletely closed ductus arterio.sus. A. Aorta. 
B. Aneurysm. C. Thrombus. D. Obliterated portion of ductus arteriosus. B. Pul- 
monary artery. 

other case in the literature, that described bj' Hebb,^ was a man of 
fort3’^ years of age who died of pulmonarj^ tuberculosis. In him the 
patent portion of the ductus was described as follows: “Just beyond 
and opposite the subclavian is a circular aperature i/s inch across lead- 
ing into a spheroidal aneury.s’m about the size of a walnut. It was 
entirelj’’ filled with firm laminated clot.'' This stnieture abutted 
agaimst the pulmonary arterj^ and the left bronchus. Other congenital 
anomalies were also found po.st mortem in Hebb 's case ; these consisted 
of complete obliteration of the left branch of pulmonary artery and 
marked stenosis at its origin of the right. 

The reason for partial persistence of the ductus arteriosus in adults 
cannot be stated. It is possible that the findings in such eases repre- 
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sent a stage in a. very mucii delaj’^ed process of closure. It is to be 
noted that in Hebb's ease, as well as in tbe one here reported, an 
increased pulmonaiy arterial pressure existed, due in tbe former to 
marked pulmonic stenosis and in tlie latter to severe left ventricular 
failure. Possibly tbe gradual increase in pulmonary arterial pressure 
wliicb occurred in both eases finally became sufiScient to retard tbe 
flow of blood tbrougb a patent ductus from tbe aorta, thereby favor- 
ing closure. 

In Hebb's case, as well as in tbe one bere reported, tbe persistent 
portion of tbe ductus existed as a small, tlu*ombosed, saccular aneuiysm 
springing from tbe wall of tbe aorta. Tbe presence of this anomaly 
in both cases Avas entireb’ unsuspected during life. Its presence can- 
not be diagnosed since it gives rise to no .specific signs or .symptoms. 
It is concertable, boAvcA-er, that such an aneurysm might become clini- 
cally important should a portion of its thrombus become dislodged and 
give rise to peripheral embolic manifestations. Tbe possible relation 
of the thrombus in the small pancreatic artery to tbe thrombus in tbe 
persistent portion of tbe ductus arteriosus in tbe case bere reported 
should be noted, 
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Graybiel, Ashton, and White, Paul D.: Diseases of the Heart, A Eevicw of Some 
Contributions Made During 1936. Arch. Int. Med. 59: 892, 19.37. 

This annual review of the literature pertaining to diseases of the heart discusses 
briclly and clearly the irai)ortant contributions made during the year 1936, The 
value of such a review is considerable and should be included in one's reading on 
this subject. Special attention has been given this year to foreign medical 
reports. 

H, McG. 


Gross, Louis, Blum, Lester, and Silverman, Gertrude; Experimental Attempts 

to Increase the Blood Supply to the Dog’s Heart hy Means of Coronary Sinus 

Occlusion. .T. Exper. iVIcd. 65: 91, 1937. 

Sudden occlusion of the left anterior descending branch approximately 2 cm. 
below the ostium of the left circumflex coronary artery in the dog’s heart produces 
a mortality rate of approximately 50 per cent. In dogs weighing approximately 15 
kilograms surviving more tlian twenty -four liours (average one week), aa infarction 
is produced whicli almost invariably mea-sures 5 by 5 cm, on surface. Following 
coronary sinus obturation, sucli secondary sudden occlusion of the left anterior 
descending branch is follosved cither by no infarction or by a reduction in the size 
of the infarct. Tlie success of the procedure, quite apart from the mortality rate, 
depends upon tlie completeness of the coronary sinus obturation. On the otlier hand, 
sudden and complete coronarj' sinus obturation by itself is associated with a lugli 
operative mortality and apparently does not affect the mortality rate following sub- 
sequent sudden left anterior descending branch occlusion. Partial persistent obtura- 
tion of the coronary sinus, Jiowcvcr, is in itself associated with a low operative 
mortality. Furthermore, its experimental production in dogs appears to lower the 
mortality rate following subsequent sudden occlusion of the left anterior descending 
branch and to diminish the extent of the infarction. 

In the introduction to tliis report it was pointed out that there are tlirec important 
desiderata to the problem of improving the coronary circulation in the Iiunian hear . 
The findings herein reported fulfill these requisites to an encouraging degree, t 
has been shown that, following the outlined procedures, a functional increase m the 
blood supplv to the heart can be produced in a significant proportion of experimental 
animals, tliis varying wth the nature of the experimental procedure. The man.pu a 
tion is simple, can be performed in the dog within approximately twenty 
and does not lead to appreciable pericardial adliesions. lncrea.se m the ° 

of the myocardium is noted one week after the experimental procedure. Altlioug 
no experiments employing sudden left anterior descending coronary ^ 

Sion were carried out sooner than one week, there is available . 

that within possibly twenty-four hour.s after coronary sinus occlusion a 
of the vascular bed occurs. In subsequent experiments attempts will be malt 
determine whether this early vascular dilatation is adequate to compensate for sub 
sequent sudden left anterior descending branch occlusion. 
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A discussion, is given of the results following vaiious coronarj' sinus occlusion 
procedures in -which it is indicated that it is desirable to produce a partial or gradual 
occlusion in order to lo-R'er the mortality rate of the initial procedure as well 
as of the subsequent sudden arterial occlusion. Experiments thus far reported on 
cardiopexy operations are lacking evidence that they are associated with appreciable 
improvement in the vascular nutrition of the myocardium. 

A-PTHOK. 

Gross, Louis, Mendlo-witz, Milton, and Schauer, Gerhard: Hemodynamics Follow- 
ing Experimental Coronary Occlusion in Dogs. Proc. Soc. Exper. Biol. & Med. 

35: 446, 1936. 

Following left anterior descending coronary branch ligation in the open or 
closed chest, there is an immediate appreciable fall in average cardiac output and 
also a delay in cjmnide circulation time. Control experiments indicate that these 
changes are directty attributable to the ligation of the coronary branch. Follow- 
ing these procedures, there are no other appreciable changes in the hemodynamics 
studied. . 

Author. 

Herbst, E.., and Manigold, K.: The Reaction of the Circulation and Respiration 
in Anoxemia. Arbeitsphysiol. 9; 166, 1936. 

It was found that, when the pressure was reduced to one-half atmosphere in 
a low pressure chamber, no change in circulation could be demonstrated in normal 
recumbent persons. With pressures lower than this, the pulse accelerated (ap- 
proximately as a logarithmic function of the pressure). At low pressures, systolic 
and pulse pressures rose and an increase in cardiac stroke volume occurred in some 
instances. At very low pressures collapse occurred, with the pulse slowing and 
pressures and stroke volume decreasing. 0 .x 5 ’-gen inhalation quickly relieved the 
symptoms. Respirations during the lowering of pressure in the chamber became 
slower and deeper. 

L. N. K. 


Werle, E., and Hiirter, J.: Omitho-Kallikrein I. Biochem. Ztschr. 285: 175, 
1936. 

From the pancreas and other organs of birds (pigeon, hen, and goose) an e.x- 
tract was obtained which lowers the blood pressure in birds but not in mammals 
(cat and dog). Mammalian KaUilcrcin, which lowers the blood pressure in mam- 
mals, has no effect on birds. 

L. F. K. 

V. Euler, U. S.: Observations on Substance P, the Atropinfast, Intestine Stimu- 
lating and Blood Vessel Dilating Substance Obtained From the Intestines and 
the Brain. Arch. f. exper. Path. u. Pharmakol. 181: ISl, 1936. 

This is a continuation of the study of a new .substance isolated by Euler and 
Gaddum. Trypsin inactivates the substance, indicating its albuminose character. 
It lowers blood pressure and stimulates the gut and uterus. Since it is found in 
biodialysates of rabbit gut, it presumably plays an important role in the move- 
ments of the gut normally. 


L. 3S’ K. 
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]^isiGcki, A.. The TIow of Slood. in the Aortic Arch. ZtBehr. f. Biol. 97; 1936 

A modified photoliemotacliometer of CybuLski'e was used in a dog, and, sur- 
prisingly, the author found tliat there is no .systolic acceleration of blood fiov/ in 
the aorta when the vessel is permitted to expand and the rate of the dog's heart 
is normal. When the pulse rate is .slowed, a pulsatory variation in linear velocity 
of flow occurs during the heart cycle. At very slow rates the velocity varies from 
0 mm. rate in diastole to 400 mm. per second in systole. 

L. N. K. 


Weiss, Soma, and Wilkins, Robert W.: The Nature of the Cardiovascular Dis- 
turbances in Vitamin Deficiency States. Tr. A. Am. Physicians, p. 341, 1936. 

Dysfunction of the cardiovascular system may develop as the result of an un- 
balanced food intake, particularly lacking in vitamin B. The condition may affect 
a normal or a previously diseased heart. The cardiovascular manifestations here 
described depend partlj’ on changes in the nervous system aiul partly on changes in 
the myocardium and the vascular system. 

Simple taclu'cardia, vagus reflex irritability with bradycardia or with asystole 
and syncope, right-sided and left-sided heart failure, peripheral arteriolar dilatation, 
and vasomotor collapse with vascular constriction were observed in various com- 
binations. 

With rest and a dietary regime the circulatory disturbances disappeared rapidlj' 
in one group and slowly in another group. .Sudden death as a result of vasomotor 
collapse also occurred. 

In 38 cases the electrocardiograms were normal in but 3 instances. The main 
abnormalities were changes in the T-waves and low amplitude and prolongation of 
the electrical systole (Q-T), Under therapeutic measures these changes usually dis- 
appeared. 

The histological changes in the cardiac muscle and conductive systems were 
identical with tliose described by Wenckebach in beriberi heart of Java. These 
changes, however, are not specific or characteristic of hearts in deficiency diseases. 

The coexistence of polyneuritis and the cardiovascular disturbances described 
selves as additional evidence for the vitamin B deficiency theory of “alcoholic poly- 
neuritis. ' ' 

Cardiovascular manifestations associated with vitamin B deficiency are more than 
mere .sporadic manifestations in the northeast and probably in other sections of the 
United States. The condition here de.scribcd may well bear pertinently on the be- 
havior and the mortality rates of alcoholic and nonalcoholic patients with vitamin B 
deficiencies (beriberi and pellagra) in the presence of infection, in association with 
high metabolic rates in general, and under surgical conditions. The therapeutic 
implications under these conditions are discussed. 

Authok. 


Parkinson, John, and Hoyle, Clifford: The Heart in Emphysema. Quart. .T. IVfed. 

6: 59, 1937. 

Eighty patients suffering from a high grade of emphysema were inve.stigated, 
chiefly in regard to the cardiovascular sj-stem and particularly with reference to the 
size and shape of the heart as judged by radiology. 

The cardiac factor in emphysema alone is seldom pronounced e.xcept late in the 
disease, and then not alwaj-s, unless there is also a cardiac lesion of another sort. 
A complicated etiologj' is so common that it w.as demon.strable in more than half 
of this series, and the complication was predominantly hj-pertension. It may be 
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said, that cardiac sjinptoms and signs in emphysema are more likely to be due to 
hypertension than to the direct effect of emphysema on the heart. 

Clinical evidence is an uncertain guide to involvement of the heart in either pure 
emphysema or -when tliis is combined nith other cardiovascular disease. Cardiac and 
pulmonary symptoms are similar, and the physical signs in emphysema indicative of 
a cardiac element are admittedly few. In particular tliere is no guide to cardiac en- 
largement, and as this is a proof that tlie heart is implicated, we are dependent on 
radiology, except in late examples where edema is proof enough that the heart is 
involved. Electrocardiographic evidence is disappointing, for there is right ventricu- 
lar predominance in a small proportion only ; its chief value is to provide other 
evidence of a complicating myocardial (coronary) disease, e.g. a bundle-branch lesion. 

The most frequent and radiological change in the cardiac involvement of 
emphysema is enlargement of the branches of the pulmonary artery at the hila (about 
46 per cent) . In tlie, anterior view the enlarged pulmonary or middle arc is some- 
times obscured by its large' left branch. Localized enlargement of the heart is the 
second main proof that the heart is implicated in emphysema, and it is demonstrable 
in over one-third (about 40 per cent). It concerns most often the conus pulmonalis 
of the right ventricle (about 41 per cent), and in about one-half these the body 
of the right ventricle also, best seen in the left (H) oblique and right (I) oblique 
positions, respectively. Enlargement of the right auricle is not common (about 14 
per cent) . 

Enlargement of the left ventricle (about 30 per cent) and of the left auricle 
(about 1 per cent) is dependent upon the coexistence of other cardiovascular dis- 
ease, for in pure examples of emphysema it does not occur, unless, perhaps, in the 
late stage of congestive failure. Systemic hypertension is the almost invariable 
cause of the left ventricular enlargement when this is found; a few others have 
myocardial (coronary) disease, e.g., with bundle-branch block. Enlargement of the 
left auricle was found once only, and that in the sole instance of auricular fibrilla- 
tion. - The infrequency of enlargement of the right auricle and the raritj* of enlarge- 
ment of the left auricle can be related to the freedom from auricular fibrillation 
and to the admitted raritj' of failure at all from emphysema alone. 

The heart as a whole is not enlarged in uncomplicated cases of emphysema. Great 
enlargement of the right heart is rare, being seen in four only. In none of these 
was there a sabot appearance. About one-third of patients have no enlargement at 
all and no changes in the pulmonary vessels radiologically. The small and droplike 
heart shadow, though so often held to be characteristic of emphysema, is in our 
experience only seen occasionally. 

These results from the use of x-rays now permit recognition in life of the features 
of enlargement long known to morbid anatomists. They go further in that most of 
these traditional records are largely diminished in value by the inclusion of un- 
recognized associated hypertension or myocardial disease. In pure emphysema it is 
the outflow tract of the right ventricle (Kirsch) extending from the apex to the 
pulmonary artery, which is earliest affected by enlargement and manifested by 
prominence of the conus. Later the body of the right ventricle is also involved, and 
this is represented by right ventricular prominence in the left (II) oblique position. 
These are the changes in the heart characteristic of pulmonaiy hyimrtension. Cardiac 
failure from emphysema alone is surprisingly rare; and, when it occurs, it is with 
normal' rhythm and edema, and as a very late event that is abnost invariably 
terminal. Kecurrent attacks of failure are almost unknown. Examples of failure 
apparently due to emphysema are most often e.xplained by associated cardiovascular 
disease, usually hypertension, and in such, failure can be recurrent. The differential 
diagnosis, especially from mitral stenosis, congenital heart disease, and the heart 
in patients with goiter, is briefly discussed. Author 
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Van Nieuwcnliuizen, C, L. 0., and Hartog, H. A. P.: Chest Leads in Electro- 
cardiography. Arch. Int. Med. 59: 448, 1937, 

Data obtained from the chest lead derived as a routine method arc discussed on a 
basis of 1,500 tracings. In coronary thrombosis the chest lead often oilers the only 
electrocardiographic diagnostic evidence. Tlic importance of the chest lead for the 
differential diagno.si8 of acute intrathoracic or abdominal deviations with coronary 
thrombosis is pointed out. The che.st lead may be of much value also in reaching a 
diagnosis in a case of gradually' arising myocardial infarction. The tracings ob- 
tained in coronary' thrombosis are divided into two groups, one of which was caused 
by anterior infarction and the other po.saibly by posterior or septal infarction. 

It is not improbable that these last curves indicated an atypical bundle-branch 
block. But there still remains the question whether the cause is not an insufficiency 
of the blood supply by' the posterior coronary artery. The latter form of tracing was 
seen in one case of rheumatic myocarditis. The history of a patient in the first 
group usually' records an acute attack; that of a patient in the second group usually 
bears no record of a sudden attack of pain or oppression. This is the reason these 
myocardial changes often escape clinical observation. Next the clinical significance 
of an abnormally' deep T-wavo (deeper than -30 mm.) is pointed out. With a few 
exceptions such a wave is always found in organic disease of the heart. In cases of 
mitral stenosis, however, the T-waves in the standard leads arc strongly positive; in 
other groups (hypertension, chronic nephritis, and aortic defects) all or jiart of them 
arc abnormal. The hypothesis is advanced that the deep T-wave in mitral stenosis 
is the result of a diflcrencc in the position of the heart; in the other groups this 
might be the result of myocardial disease. A deep T-wavc is found also in bundle- 
branch block. Then, however, the ventricular complex is very high and large, in 
analogy to the diphasic ventricular complexes in the other loads. 

Finally' the importance of the chest lead in making an electrocardiographic diag- 
nosis of diffuse myocardial damage is demonstrated cither as a support for the third 
lead or as the sole criterion. Here the T-wave may' be shallow, diphasic, or positive. 
Other factors which influence the shape of the T-wavc in the chest lead are digitalis 
and a longitudinal position of the he.art, especially' in children. 

Author. 

Ludwig, H., and Bener, A.: Audible Auricular Sounds in Auricular Flutter. 

Iflin. Wchnschr. 15: 271, 193G. 

A case of flutter of the auricles is reported in which each auricular contraction 
is accompanied by' an audible sound, best heard in the second and third inter- 
costal spaces in the left parasternal line. This was recorded photographically. 
The flutter rate was 250 per minute. There was total and later irregular A-V 
block and also intraventricular block. The heart was large, and there was cardiac 
failure. A loud systolic murmur was present at the apex, and a loud diastolic 
murmur was heard over the lower sternum. 

L. N. K. 

Feil, Harold: Preliminary Pain in Coronary Thrombosis, Am. J, M. Sc. 193: 

42, 1937, 

Fifteen cases of coronary thrombosis, with myocardial infarction in fourteen, 
have been observed with preliminary mild anginal attacks preceding the clinical pic- 
ture of thrombosis by hours or days— usually from twelve to forty-eight hours. 
This pain is not dependent on effort or emotion, is more or less continuous, and is 
of an oppressive and burning character. The electrocardiogram was normal in two 
of five patients whose records were taken during this preliminary pain. The ab- 
normal changes in the other cases are described. A gradually forming thrombus in a 
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stenosed coronary artery appears to be the most probable explanation for the oc- 
currence of the preliminary pain. The possibility of the development of a coronary 
artery thrombus should be suspected in patients wiio have persistent retrosternal pain, 
not related to effort, emotion or digestion, especially vlien hypertension or the 
anginal syadrome has been pre\dously noted. Effort should be made to improve 
coronary artery flov. Urging of fluids (to avoid dehydration), administration of 
aminophyllin, alcohol, and nitrites, moderate restriction of physical activity, mental 
rest, and restriction of insulin and tobacco are indicated. 

Author. 

Kisch, F.: Statistical Observations on Life Expectancy in Coronary Thrombosis. 

KUn. Wchnschr. 15: 440, 1936. 

The circulatory collapse after coronary thrombosis was followed by death in 
23.5 per cent of the cases, the mortality being higher in women than in men. 
In many cases of coronary thrombosis, the blood sedimentation time may be of 
prognostic value in determining the progress of the infarct. A characteristic 
electrocardiographic deviation is compatible with several years of life. 

L. N. K 

Thompson, William Paul, and Levine, Samuel A.: Note on the Duration of Symp- 
toms and Age at Death in Chronic Rheumatic Valvular Disease, Especially in 

Tricuspid Stenosis. Am. J. M. Sc. 193: 4, 1937. 

The authors have found that patients witli tricuspid stenosis, in spite of the fact 
that death occurs at a comparatively early age, are able to tolerate their symptoms 
considerably longer than are those patients in whom the tricuspid valve is not in- 
volved. The average figures are, therefore, somewhat paradoxical and contrary to 
what one might expect. We have attempted to point out, however, that in tri- 
cuspid stenosis the sjTnptoms and signs are not due wholly to myocardial failure 
and that they are due in part to mechanical obstruction to the normal diastolic 
filling of the heart, so that this apparent paradox is in part, at least, explained. 

It is believed that these figures contribute two important clues to the diagnosis 
of tricuspid stenosis; first, the appearance of symptoms at an early age in patients 
with chronic rheumatic valvular disease and, second, an ability to carry on with 
such symptoms for an unusually long time, particularly when the prominent features 
are enlargement of the liver and ascites. If these features cause us to suspect 
tricuspid stenosis, we are then one step nearer the goal of making accurate ante- 
mortem diagnoses. 

Author. 

Eeichel, H.: Bacterial Cultures From the Blood in Endocarditis Lenta. Klin. 

Wchnschr. 15: 642, 1936. 

In some cases of endocarditis lenta liquid media are required to demonstrate 
positive blood cultures. With proper precautions growth -ivill occur in ordinary 
nutrient broth and macroscopic colonies will appear. 

L. N. K. 

Cushing, E. H.: Diverticuliun of the Pericardium. Arch. Int. Med. 59: 56, 1937. 

Thirty-nine cases of diverticulum of the pericardium have been described in the 
literature, and one additional case is reported here. 

This case is the first described in which a pericardial diverticulum has presented 
on the anterior wall of the chest. The diagnosis was confirmed by injecting air 
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into the subcutaneous mass and finding air within the ])cricardial cavity. The 
roentgenograpliic findings were typical of tiiosc in tiic cases described by Kienbock 
and Weiss and by Jansson. TJie diagnosis of calcified tuberculous pericarditis was 
confirmed by the demonstration of tubercle bacilli in tlie pericardial fluid obtained 
bj aspirating tlic diverticulum and by the deatJi with tuherculosis of guinea pigs 
inoculated witli the fluid. 

AuTjroB. 


Gross, Louis: So-Called Congenital Bicuspid Aortic Valve. Arch. Path, 23: 3.50, 

1937, 

A description is given of the bicuspid aortic valve as observed in sixteen 
adult hearts, eight of which pre.sented the classic macroscojnc criteria described 
by' Osier as indicating congenital origin of the malformation and eight of which 
failed in one respect or another to fulfil these criteria. These hearts presented 
no associated developmental abnormalities in this rc.sjiect, resembling previously 
described adult hearts writh so-called congenital bieusijid aortic valve.s. Strategic 
cardiac sites and serial sections of the commissures were examined microscopically'. 
Faulty' inversion of the commissure as described by' Lewis and Grant \vas found 
in only' two of the sixteen hearts. It wa.s .shown that in the majority', apart from 
the obvious secondary lesions (bacterial endocarditis, .syTihilis) and degenerative 
disease (calcific sclerosis of the aortic vah'C — ^lliinckcherg type), there were stig- 
mas which strongly' implied an a.s.sociated, generally' e.xtinct, rheumatic process. 
Evidence is presented which supports the hypothesis that a degenerative process 
(Monckeberg type) in the minority of instances and a rheumatic proce.ss in the 
majority' of instances lead to the formation of tlie so-called congenital bicu.spid 
aortic valve in the adult. The pathogenesis of the lesion on a rheumatic basks is 
described, and attention is drawn to the compatibility of this view with the 
predisposition of the valve with this deformity to subacute bacterial endocarditis. 
A discu.s.sion of the findings leads to the coneluslori that Osier's macroscopic cri- 
teria are inadequate and do not nece.ssarily' indicate a congenital le.sion. Atten- 
tion is directed to the conspicuous difTerences between bicu.spid aortic valves oc- 
curring in children and those found in adults. It is suggested that the micro- 
scopic criteria offered by' Lewis and Grant for the establi-shment of such a lesion 
as congenital should be verified by' study' of serial sections in a representative 
number of cases in which the bicuspid condition of the aortic valve i.s of in- 
disputably' congenital developmental origin. Such a condition appears to occur 
considerably more frequently' in infants than in adults and is in%'ariably' or al- 
most invariably' associated with other developmental cardi.ac defects. For these 
reasons it i.s suggested further that a bicu.spid aortic valve occurring in an adult 
should be considered as’ congenital only' when associated with other congenital 
malformations of the heart. A bicuspid aortic valve not so associated found in 
adult life should be de.signated merely “bicu.spid valve." 

Aurnon, 

McBroom, Josephine, Sunderland, Douglas A., Mote, John E,, and Jones, T. 

Duckett: Effect of Acute Scurvy on the Guinea-Pig Heart. Arch. Path. 23: 

■ 20, 1937, 

Acute scun-y in the guinea pig produces degenerative changes in the cardiac 
valves and myocardium as well as definite proliferative lesions along the line of 
closure of the valves. These lesions are equally prevalent and severe in total .scunw 
whether or not there i.s superimposed infection. 
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A deficiency of vitamin C, as shou-n by Wolbaeh and Howe and by Wolbacii, pre- 
vents the adequate formation and maintenance of intercellular substance. It may 
be expected, therefore, that in regions of strain and stress degenerative lesions may 
occur and that a proliferative reaction may take place in an attempt at repair. It 
is as such that the lesions produced in the present stud}- are interpreted. 

The complete gi-oss and microscopic pathological changes of rheumatic fever are 
obviously dissimilar from those of scurvy, even though in some of the microscopic 
lesions of the valves in both conditions there are certain points in common: a sub- 
endothelial proliferative reaction with a cellular infiltration and a collagen change. 
Tliere is also damage to the vascular system in both conditions, but the identity 
of this injury has not been -demonstrated. Although scurvj* may indirectly be a 
factor in lowering the general resistance of the body to infection, there is as yet no 
e\’idence that rheumatic fever and scurvy are the same disease, or that there is a 
direct causal relationship between the two, even with infection by the hemolytic 
streptococcus complicating the latter. The lesions in the guinea pig heart described 
by Rinehart and ^lettier may be produced by acute scurvy alone and may be inter- 
preted as an attempt at repair of lesions caused by physiological stress on a tissue 
weakened by acute scorbutus. 

Author. 

Bourne, Geoffrey: Acute Bheumatic Meningitis. Brit. M. J. 2: 1017, 1936. 

A case of acute rheumatic meningitis is described. A man aged thirty-four years 
was admitted because of severe rheumatic fever in characteristic form. He de- 
veloped pericarditis with extensive mjmeardial injury. After about two weeks there 
Avere meningeal signs, and the spinal fluid showed increased pressure with 78 cells. 
He made an uninterrupted but slow recovery. The central nervous system signs 
disappeared Avithin about ten days, but the pulse due to the heart block remained 
for four or fiA’e weeks. 

It is suggested that for the development of acute meningitis during acute rheuma- 
tism some secondary factor such as alcoholism is necessary. 

Author. 

Hemet, Geza, and Rosenblatt, Milton B.: Cardiac Tailure Secondary to Chronic 

Pulmonary Tuberculosis. Am. Rev. Tuberc. 35: 713, 1937. 

A study of the 71 patients Avho came to necropsy on the Tuberculosis DiA’ision 
of the Montefiore Hospital during a period of one year rcA-ealed 33 instances (4G.5 
per cent) of right ventricular lij-pertrophy. 

Hone of the 33 cases Avas associated AA'ith any significant coronary artery disease, 
valvular disease, or hypertension. There was one instance of antecedent hypertension 
in a patient Avith hypertrophy of both ventricles. 

Despite enlargement of the light A'entricle, the hearts, in general, AA'ere smaller than 
normal. 

The duration of the pulmonary disease in these patients did not differ from that 
seen in aU types of tuberculosis patients. All the cases had extensive bilateral in- 
A'olvement and one-third shoAA’cd definite hematogenous lesions. 

Recapitulation of the most significant sjmptoms revealed the occurrence of 
dyspnea 30 times (90.9 per cent): cyanosis 23 times (09.6 per cent); hepatomegaly 
14 times (42.4 per cent); and peripheral edema 15 times (45.4 per cent). Inconsist- 
encies betAveen the degree of venous distention and venous pressure Avere noted. 

There AAure too few electrocardiographic studies from Avhich to draw any con- 
clusions. HoAvever, review of the literature rcAuals that right axis deviation with 
inversion of the T-Avave in the second and third leads may be considered indicatiA-e 
of right ventricular enlargement. 
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Eleven of the cases (33,3 per cent) were recognized during life as having 
liearfc disease; in the remaining 22 (00,7 per cent) the diagnosis was entirely post 
mortem. 

It is felt that the inability to distinguish clinically between pulmonarj' insufficiency 
and cardiac insufficiency was largely rc.spon,sible for tlie low percentage of diagnoses. 
Dyspnea, cyanosis, venous distention, hepatomegaly, and even edema may be at- 
tributable to causes other than cardiac failure in the patient with chronic pulmonary 
tuberculosis. 

The duration of life after cardiac failure had occurred was relative]}- brief and 
depended considerably upon the character of the underlying pulmonary process. 

The cardinal .sign of right ventricular failure is enlargement on fluoro.?copy or 
on the x-ray film. Demonstration of this sign will be facilitated, especially in the 
early stages, by detailed and frequent studies. 

Author. 

HAban, G.: Aneurysms of All Three Sinuses of Valsalva. Ztschr. f, K:rei.slauf- 
forsch, 29: 74, 19.37. 

In the case reported there w'as evidence post mortem of sjTphilitic involvement 
of the valves. The author, however, believes that a congenital structural weak- 
ness played a subsidiarj- role in aiding the syphilis to produce the changes. 

L. N. K, 

Tuche, r.; Effect of Deuervatlng the Kidney on Blood Pressure, Wien, klin, 
Wchnschr. 49: 495, 1930. 

This is a theoretical presentation of unsubstantiated facts purporting to show 
why denervation of the kidney causes a drop in blood pressure. 

L. N. K. 

Lutterloh, Charles H.: The Clinical Significance of the Effects of Posture on 
Blood-Pressure, The Postural Test as a Means of Classifying H 37 potenBion. 
Am. J. M. Sc. 193: 87, 1937. 

There is presented a study of the effects of posture on the blood pressure and pulse 
rate in normal adults, normal children, and a group of hypotensive individuals 
as secondary, es.sential, and primary hypotension. 

The reisponse in the normal groups to postural change from the horizontal to the 
upright position was a slight fall in the systolic blood pressure, a definite rise in 
the diastolic blood pressure and a rise in the pulse rate. In the secondary and 
essential hypotension groups a similar response was noted. The primary hypotension 
group, however, responded abnormally' by manife.sting a decided fall in both the 
systolic and diastolic blood pressures with only a slight increase in the pulse rate. 

The similarity between primary hypotension and postural hypotension’ ' is sug- 
gested. 

A test for circulatory- efficiency and vasomotor stability- has been outlined, and as a 
result of this test a classification of hypotension is presented. 

AVTBOK. 

Brown, J. J. Mason: Intermittent Venous Occlusion in the Treatment of Oblitera- 
tive Vascular Disease. Brit. M. J. 1: 1106, 1937. 

Various forms of apparatus for the application of intermittent v-enous oc- 
clusion are described. 
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Treatment with such apparatus has resulted in the relief of symptoms, heaUng 
of ulcerated and gangrenous areas, and increased oscillometric and surface tempera- 
ture readings. 

Author. 

Clara, M.: Arteriovenous Anastomoses. Miinchen. med. Wchnsehr. 83: 651, 1936. 

The. author summarizes the well-known functions of these important anastomoses. 
These anastomoses are not only important in regulating blood flow locally but in- 
fluence as well the rate of flow of the entire body. "^Hien they open, the rate is in- 
creased; when they close, the rate is decreased. In addition, when these anastomoses 
open, the venous blood becomes arterialized, a centripetal pulse is transmitted from 
the arteries to the veins and the temperature of the region is elevated. 

L. N. K. 

Craig, Winchell McK., and Emepper, Paul A.: Cervical Rib and the Scalenus 

Anticus Syndrome. Ann. Surg. 105: 556, 1937. 

The clinical picture of cervical ribs and that of the scalenus anticus syndrome 
are very similar, as are also the surgical indications and operation. The symptoms 
result from compression or irritation of the brachial plexus and compression of the 
subclavian artery. Compression may be due to the presence of cervical rib, an 
abnormally low position of the shoulder, high fixation of the sternum and ribs, low 
origin of the brachial plexus, or elevation of the first thoracic rib from spasm of the 
scalene muscles brought about by irritation of the brachial plexus. When cervical 
ribs cannot be demonstrated, resection of the scalenus anticus muscle is usually all 
that is necessary to relieve the symptoms. In the presence of a cervical rib without 
tendinous attachments and without ob'^’ious pressure from behind, resection of the 
scalenus anticus muscle is all that is necessary, but when there is evident pressure 
from the cervical rib or its tendinous attachment, resection of tlie rib and the attach- 
ment should be carried out. 

In carefully selected cases in which the symptoms point clearly to either cervical 
rib or the scalenus anticus syndrome, the surgical result is usually excellent. Six 
cases are presented to illustrate the points in differential diagnosis, surgical indica- 
tions, and results. 

E. A. H. 

Beiglbock, W., and Junk, H.: Muscle Tone and Its Relation to the Peripheral 

Circulation. Ztschr. f. klin. Med. 131; 241, 1937. 

The method of Henderson, Oughterson, Greenberg, and Searle for measuring 
intramuscular pressure has been used to study a variety of conditions. The authors 
agree that the return flow of blood to the heart is in part dependent upon muscle tone, 
but cite the observation that muscle pressure is not increased in congestive failure 
with increase in venous pressure as evidence that intra- and extravascular pressures 
are independent of each other. 

The average normal intramuscular pressure in their series of 28 individuals was 
76 mm. water. It would have been liigher except that several indmduals above the 
age of seventy years were included. All of these had low pressures. They confirm 
the observations of Henderson, Oughterson, and others, that carbon dioxide and 
strychnine increase muscular pressure and add that sympathol also does. Histamine 
decreased it; caffeine, coramine, and cardiazol had no effect. Operation and most 
febrile diseases lower it. The most well-marked drops were seen in pneumonia. 


J. M. S. 
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Heckmann, K,: The Significance of the Double Summit in the Waves of the 
Shadowkymogram, Klin. Wchnschr. 15: G44, 1930. 

This double summit in the rocntgenkymograpli is due occasionally to a cardiac 
infarct. The author found one instance of right-.sided bundle-branch block with this 
phenomenon. It occurs also in pericardial elTusion. It is found without any of 
these abnormalities and is explained as a systolic di.splacement of the heart to the left 
as the aorta lengthens. This causes the second wave, the first being due to sj-.stolic 
contraction. 

L. 2s'. K. 


Paulkner, James M.: The Treatment of Cardiovascular Emergencies. 2s’’eu- Eng- 
land J. Med. 216: 747, 1937. 

The main bodj’ of the pai)er is concerned svith cardiac emergencies, but it ends 
with a capable reminder about diagnosis and treatment of peripheral vascular collapse 
or shock. Medically, this condition is frequently unrecognized, yet is as common as 
cardiac collapse, and demands accurate diagnosis in order that its own peculiar 
therapy can be applied. The elinic.al picture is the same as that of surgical shock — 
prostration, pallor, sweating, pinched features, cold extremities, weak heart sounds, 
rapid thready pulse, and low blood pressure. There is a disparity between the 
circulating blood volume and the functioning capacity of tlie va.soular bed. The 
treatment consists, therefore, in increa.sing the blood volume or in decreasing the 
capacity of the vascular bed. The former i.s the more certain procedure and is 
effected by the same measures as those used in surgical shock. The latter is effected, 
to some degree, by the use of central nervous .system stimulants: caffeine, strychnine, 
and various camphor derivatives. Digitalis is of no value, and adrenalin is contra- 
indicated. 

H. M. 

Starr, Isaac: Carbaminoylcholine (Doryl or Dentin); Its Action on Normal 
Persons in Peripheral Vascular Disease, and in Certain Other Clinical Con- 
ditions. Am. J. M. Sc. 193: 393, 19.37. 

Carbaminoylcholine chloride is one of the most powerful drugs knoum. .Studies 
have been conducted on its action .after subcutaneous and or;il administration to 
26 normal volunteers and to a larger number of patients. .Special studie.s of its 
effect on the heart and circulation have been made in a .small group of cases. 

The information now at hand concerning its dosage, action, and untoward effects, 
is Bufiicient to warrant its cautious use in those case.s that its action seems adapted 
to benefit. The drug causes striking relief of rest pain in certain cases of peripheral 
vascular disease. 

Authok. 

Praenkel, A.: Prom Empirical to Experimental Digitalis Therapy. .Schw'ciz. med. 
Wchnschr. 18: 434, 1936. 

Intravenous strophanthin is, in Ihc author's opinion, the only method of quantita- 
tive digitalis therapy. It permits much better constant control of dosage than 
digitalis. He believes that this is particularly true in cases with marked cardiac 
edema. In slight edema he advocates the use of a salt-free diet in addition to 
intravenous strophanthin. In severe edema salyrgan can be used ndth the strophan- 
thin. 


L. N. K. 
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EFFECT ON THE CIRCULATION OF MECHANICAL OCCLUSION 
OF INTHVIDUAIj arteries of THE EXTREMITIES; 
RELATION TO ARTERIAL EMBOLIS]\U 

Robert E. McKechkie, M.D.,t and Edgar V, Allex, M.D. 

Rochester, 

I N MANY cases of .sudden arterial occlusion resulting from embolism 
or thrombosis the temperature of tlie skin of tlie distal parts of the 
affected extremity decreases sharply to that of the room or to a tempera- 
ture approaching that of the room. Gangrene supervenes in about 50 
per cent of cases.^ In sharp contrast to this incidence of gangrene is 
that following simple ligation. Halsted- in 1912 reviewed the reports of 
ligation of the common iliac artery and found the incidence of gangrene 
to be about 6 per cent. In 1924® he reviewed reports of cases in which 
the subclavian artery had been ligated and failed to find any evidence 
that gangrene had been caused by uncomplicated ligation or ligations of 
either subclavian artery. 

Mul^^hill, Harvey, and Doroszka^ reviewed reports of sixty-nine liga- 
tions of the common iliac, external iliac, common femoral, and superficial 
femoral arteries in the period from 1900 to 1930 and found an incidence 
of gangrene of only 14.7 per cent. In only liaK of these eases was the 
gangrene extensive enough to necessitate amputation. ]\Iulvihill and 
Harvey,® in experimental studies on dogs, found that while the incidence 
of gangrene was small following ligation of the external iliac arteries, 
tlie temperatures of the feet were reduced to the level of that of tlie room 
in from two to six hours and returned to normal within a variable pe- 
riod of several more hours. 

It has been shown tliat mechanical occlusion of the brachial or femoral 
artery of human subjects causes a decrease in the temperature of the skin 
which, however, is not half as fast or as great as if circulation to (lie arm 
or leo- were arrested by means of a pneumatic cuff. However, it is a com- 
mon observation in many instances of arterial embolism, which is at least 

•From tlie Divisions of Surgery and of Medicine of the Mayo Clinic. 
tFelloiv in Surgery, The Mayo Foundation. 
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no more than occlusion of an artery, that there is almost immediate ces- 
sation of circulation similar to compression of the limb by a imeumatic 
cuff. Pain occurs in most instances of arterial embolism, yet according 
to Seifert,® ligation of an artery is usuall^^ not followed by the type of 
pain that is observed in arterial embolism. 

It was with the hope that some explanation might be found for the 
comparatively high incidence of gangrene and pain subsequent to arterial 
embolism, as contrasted with their low incidence following arterial 
ligation, that this study was undertaken, 

METHOD OK .STUDY 

The subjects used in this study had no demonstrable impairment of circulation 
to the extremities. Studies were conducted witJi the patients lying in a room, the 
temperature of which was constant and sufficiently less than that of the limbs so that 
decreases in the temperature of the limbs could occur. The patients lay in the room 
for half an hour before the studies were begun to obviate any effects of sudden 
changes in the temperature of the environmental air and any effect of activity on 
the temperature of their extremities. Temperatures of the skin of the great toes and 
of the index fingers were determined in studies on the legs and arms, respectively, 
by an electric thermometer at the beginning of the test and at five-minute intervals 
thereafter until ten minutes after pressure on the artery was released. In each test 
the comparable digit of the opposite extremity was used as a control. Arteries were 
occluded by a mechanical device that gave a localized area of pressure over the artery 
to be studied. In all instances except those in rvhich the popliteal and femoral 
arteries were occluded tliere was compression of the tissues opposite the rubber pad 
which occluded the arteries by a metal pad which was a part of the compression 
device. Absence of the distal pulse was considered indicative of complete occlusion 
of the artery. This was checked repeatedly to prevent errors arising from slipping 
of the clamp allowing reestablishment of circulation in the artery. 

There was no visible evidence of venous congestion in any of the studies ex- 
cept when the femoral and brachial arteries were occluded. In each test in which 
the femoral artery was occluded cyanosis and distention of veins were noted. This 
occurred in only two tests in which the brachial artery was occluded. Obstruction 
of the veins may have prevented somewhat a decrease in the temperature of the skin 
in these studies, but this is improbable, as Mulvihill, Harvey, and Doroszka* have 
shown that ligation of the companion vein did not influence a change in temperature 
resulting from ligation of the extenial iliac artery of dogs. 

In the present studies observ’ations were made following occlusion of the brachial, 
radial, ulnar, femoral, popliteal, dorsalis pedis, and posterior tibial arteries. 

RESULTS 

Occlusion of Brachial Artery . — The brachial artery was occluded above 
the elbow for thirty minutes in five cases. In none of these cases was 
there any^ pain or discomfort except at tJie site of application of the 
clamp. In all cases there was a decrease in the temperature of the skin, 
which varied from 1.5° to 5.0° C. Release of compression caused a 
rapid increase in the temperature of the skin in only three cases, in two 
of which the temperature ten minutes after removal of the obstruction 
exceeded the temperature at the beginning of the test. 
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Tlie composite graph of these five eases shows a moderate and gradual 
decrease in temperature while the artery was compressed and evidence of 
hyperemia after release of the compression (Fig. 1). In two cases the 
temperature of the control digit diminished in aljout the same degree as 
did that of the digit of the extremity of which the artery was occluded; 
in the remaining three cases there was no significant change in the tem- 
peratui-e of the control digit. Study of individual charts used to make 
this composite graph shows that in all cases except one there was no 
further decrease in temperature after compression had been maintained 
for twenty-five minutes, and that in but one case did the temperature of 
the skin decrease to that of the environmental air, which was 24° C. 



Time in minutes 


»- — -* Antery compressed • — Control 

Fig:. 1. — ^Effects produced on temperature of the skin of the digits by occlusion caused 
by mechanical compression of the radial and brachial arteries. 

In the other cases the temperature of the skin did not decrease fiiilher, 
although it was 2°, 4°, 6°, and 8° C., respectively, greater than that of 
the room. 

Occlusion of Ulnar Artery . — The xilnar artery was compre.ssed at the 
wrist in three cases. No significant change in the temperature of the 
skin of the digit occurred. No unusual symptoms were noted. 

Occlusion of Radial Artery.— The radial artery was occluded at the 
wrist in four cases. In no ease was there any pain or di.stress except 
at the site of compression. The decrease in the temperature of the digit 
varied from 2.2° G. to 7,0° C. In three eases the temperature increased 
again in spite of maintained compression of the artery at periods varying 




180 


THE AMERICAN HEART JOURNAL 


from fifteen to twenty-five minutes after compression was begun. In no 
case was the minimal temperature of the digit as low as that of the room- 
it failed by 2.0° C., 4.4° C., 2.2° C., and 9.0° C., re.spectively, to diminish 
to that of tlie room. In three eases the temperature of the control digit 
decreased somewhat le.ss than that of the digit of the limb whose artery 
was compressed, and in one ease it actually increased. The composite 
graph of these four eases indicates a gi'adual decrease of temperature 
until twenty minutes after the application of compression, then an in- 
crease in temperature Avhich was quite marked before compression was 
removed (Pig. 1). 


Occlusion of Femoral Ariery. — The femoral artery was compressed 
just below the inguinal ligament in five cases. In all eases there was a 
moderate decrease in temperature which varied from 4° C. to 1° C. 
Venous congestion of the limb was marked in all cases, apparently beeau.se 
of occlusion of the accompanying femoral Amin. This venous congestion 
caused a feeling of fullness in the limb Avithin ten to fifteen minutes after 
eompre.ssion, and. in three cases this became so uncomfortable in tAventy 
to tAvmnty-fiA'e minutes that the test had to be discontinued. Subsequent 
to release of the compression there Avas a prompt increase in the tem- 
perature of the skin in three cases. The graph (Pig. 2) represents the 
results of study of these five cases for the first tAventy minutes, of four 
eases for tAventy-fiAm minutes, and of tAA’o cases for thirty minutes. That 
part of the graph indicating determination of the temperature of the 
skin folloAving removal of compression is a composite of the results in 
all five cases. The temperature of the skin failed to decrease to that of 
the room by 3.0° C., 2.1° C., 1.6° C., and 0.4° C., respeetivety, in four 
cases; in one case the temperature decrea,sed to that of the room, Avhich 
Avas 26.5° C. It should be emphasized, hoAvever, that the temperatures 
A\mre still decreasing in all instances Avhen the le.sts Avere terminated. 

Occhision of Popliteal Artery. — The poj)liteal artery Avas occluded in 
the popliteal space in thime case.s, and in all cases there AA'as a prompt 
drop in peripheral .skin temperatures (Fig. 2). Numbness began to de- 
Amlop in from fifteen to tAAmnty minutes, and soon the patient .stated that 
the di.stal part of the limb felt as though it Avere dead. This may haA'C 
been due to compression of the peroneal nerAm. Release of the obstruc- 
tion cau.sed a prompt increase in temperature in all but one case. In an 
additional te.st not included in Fig. 2 the subject slept. As a re.sult, the 
temjrerature of the control digit increa.sed 6° C., but that of the digit of 
the limb in Avhich the popliteal artery was occluded remained stationary. 
Although the minimal temperature resulting fi'om obstruction of the 
popliteal artery AA'as not as Ioav as that of the luom by 5.2° C., 2.0° C., 
and 1.5° C., respeetiA-ely, it .should be emphasized that it Avas still de- 
creasing AA'hen the tests Avere terminated. 

Occlusion of Posterior Tibial Artery. — The posterior tibial artery aa’hs 
occluded at the ankle in five cases. In tAA'o of the cases there Avas no 
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change in the temperatnre of the skin. In tiie tliree remaining cases 
the temperatnre diminished from 1.5° C. in one case to 4.0° C. in another. 
In all instances the decline in temperatnre had stopped before the com- 
pression was removed. The composite graph of these five cases indicates 
a gradual but small decrease in tlie temperatnre and an increase fol- 
lowing removal of compression (Pig. 2). The minimal temperatures re- 
sulting from occlnsion of the artery failed to reacli that of the room by 



Artery compressed •>---• Control 


Fig:. 2. — Effects on 
caused by mechanical 
dorsalis pedis arteries. 


temperature 

compression 


of the skin of the digits produced by occlusion 
of the femoral, popliteal, posterior tibial, and 


3.0° C., 0.7° C., and 2.6° C., respectively, in the tliree cases in which tlie 
temperatnre was influenced by the procedure. 

Occlusion of Dorsalis Pedis Artenj.—Tlxe dorsalis pedis artery was 
occluded over the dorsum of the foot in five eases. In four eases tlverc 
was a decrease in temperature varying from 1.4° C. in one case to 4.0° C. 
in another. In two of these cases there was an increase in temperatnre 
before compression was removed, which was temporary in one case bnl 
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wJiieli persisted in another ease until the obstruction was removed. In 
the fifth ease there was actually an increase in the temperature while 
compression was applied. The composite graph of these tests shows a 
minimal decrease in the temperature but is .slightly misleading since it 
includes the results of study of the ease in which there was actually 
a rise in temperature (Pig. 2). 

SU-MSfARV OP RRSULT.S 

These studies indicate that mechanical occlusion of identical arteries 
ol. different individuals pi-oduces varying results on the circulation. 
This seems attributable to the variability of function of identical arteries 
of different individuals. Compre.ssion of the ulnar artery produced no 
effect on circulation to the index finger as determined b\' calculation of 
the temperature of the skin. Compression of the dorsalis pedis and 
posterior tibial arteries individually caused reduction of the circulation 
in only a minor degree. The.se arteries individually appear, therefore, 
to be of minimal importance in maintaining circulation to the acral parts. 
Mechanical compression of the brachial artery caused reduction of the 
temperature of the skin fo an average of 27.0° C. in an environmental 
temperature considerably lower than this in about twenty-five minutes, 
following which there was ordinarily no further I'cduction in tempera- 
ture. Compression of the radial artery caused a reduction of the tem- 
perature of the sidn to an average of about 31.0° C. in about twenty 
minutes, following which there was ordinarily no further reduction. 
The arteries of the upper extremitj', in order of their importance in 
maintaining circulation, are therefore the brachial, I’adial, and ulnar. 
Compression of the femoral ai'tcry caused a decrease of the temperatTU-e 
of the .skin of the great toe to an average of 26.0° C. and that of the 
popliteal to an average of about 27° C. In both in-slances the tem- 
pei’ature of the toes was still decrea.sing at the end of thirty minutes of 
compre.ssion. In the lower e.xtremity, therefore, the femoral artery ap- 
pears .somewhat more important than fhe popliteal artery in maintaining 
circulation to the. foot, while the doi-salis pedis and po.sterior tibial 
arteries individualh' are of very minor importance. 

C03rMENT 

These .studies appear to have comsiderable importance in understand- 
ing some of the events in arterial embolism. It appears from our stud- 
ies that occlu.sion by mechanical compression of the main arteries of the 
extremities for periods until there Is no further diminution in circula- 
tion as a result of the compre.ssion does not produce pain except the 
dlstre.ss produced by pressure at the .site of occlusion and except occlu- 
.sion of the femoral and popliteal arteries in which .studies distress .seemed 
to be produced by venous occlusion and pres-sure on the peroneal nerve 
re.spectively. In no in.stanee was there simulation of severe pain oh- 
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served in embolism. This is strange since occlusion of these arteries 
bj* an embolus is frequently attended by much pain. Apparently, how- 
ever, as Lewis' has pointed out, the pain of arterial embolism does not 
occur coincidentally to lodgment of the embolus but results from ischemia 
produced by emliolism. This contention is supported by our obseiwa- 
tions as mechanical occlusion, which produces the same effect on an 
artery, so far as circulation through it is concerned as embolism does, 
does not jiroduce pain simulating that due to embolism. In this connec- 
tion it is of some interest to note that slow occlusion of arteries, sucli as 
that which occurs in thromboangiitis obliterans or arteriosclerosis obliter- 
ans, does not iiroduce pain ordinaril3q being comparable in this regard 
to arterial compression. It is quite apparent, therefore, that jjain in 
arterial, embolism is not due to mere mechanical obstruction of the arterj’ 
bj’ the embolus. If it were true that embolism were nothing more than 
arterial occlusion, it would be uniformlj’ painless, as is compression of 
an arteiy. 

In a similar manner our studies indicate that the diminution of circu- 
lation in arterial embolism is not due entirely to mere mechanical obstruc- 
tion of an' artery, since tlie effects of embolism on the circulation 
frequentlj’’ exceed greatly those of simple obstruction of an artery or 
ligation of it.^’* If this were not true, embolic obstruction of the dorsalis 
pedis, posterior tibial, or ulnar arteries would produce no grossty de- 
tectable effect on circulation. Also, embolic occlusion of the brachial 
and radial arteries would produce onfy minor impairment of the circula- 
tion. 

There appears to be an additional factor in arterial embolism which 
accounts for pain and the diminution of circulation wJiicli is absent fol- 
lowing simple ligation or compression of an artery. This seems to be 
diffuse arterial spasm.’’* xVrterial spasm in embolism is known to exist, 
for it has actually lieen seen by Seifert, « by Gosset, Bertrand, and PateF 
and by others. Its presence has been demonstrated indirectly by observa- 
tions tliat papaverine h.ydroeiiloride, whieii is a vasodilator, ma}' cause 
remarkable reestablishment of circulation within a short period after 
embolism.®- ® Good results have also been reported by Herrmann and 
Reid^® following use of intermittent suction and pressure, which effects 
vasodilation. Also, the circulation of many extremities, whicli is greatly 
reduced shortly after embolism, may spontaneously return to a nearly 
normal level. In all cases of embolism in vhich there is reco^erj of 
circulation after an original marked decrease in it, the embolus, that is, 
arterial occlusion, has remained unchanged yet circulation improves and 
pain disappears. It is customary to attribute this to increased circula- 
tion through collateral arteries not influenced primarily by embolism. 
However, in view of our present studies on aiteiial compie.ssion it ap- 

*If Lewis’ contentions are coi-rect, arterial spa.sm only cau.«e.s pain inrliroctly by 
producing' ischemia. 
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pears tJiat these arteries are abnormally spastic as a result of embolism, 
since were this not true marked diminution in circulation would be absent 
in cases of peripheral arterial embolism. The variation in pain and circu- 
latory disturbances resulting from roughly similar instances of embolism 
and the variability of recovery are, in all probability, manifestations of 
the degree and persistence of spasm in arteries not directly occluded by 
emboli as well as of the importance to circulation of the arterj^ occluded. 

CONCETJSIONS 

Simple arterial compression produces effects dissimilar to those of 
arterial embolism in that pain observed in embolism is absent and the 
effect of such compression on circulation is usually not great. This 
dissimilarity appears to be attributable to arterial spasm in embolism 
and its absence in simple arterial compre.ssion. 
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AN APPKOACH TO THE DIAGNOSIS OF 
CONGENITAL HEART DISEASE=*:= 

Thomas J. Dry, M.B. 

Rochester, Minn. 

T^HE attitude toward congenital heart disease is changing. It is 
becoming more generally recognized that in a goodly number of 
cases the correct approach will lead to a correct anatomical diagnosis 
clinically. Because of the prominence of the ph 3 ’^sical signs, congenital 
cardiac anomalies seldom escape detection for long, but too often an 
erroneous prognostic significance is attached to these signs. Prequently 
enough to demand attention, an individual with a congenital cardiac 
anomaly dies at an advanced age from causes perliaps unrelated to 
the murmur for which his activities had been restricted since child- 
hood. Then there is the other side of the picture, represented by the 
sudden death of an individual who had been in apparentl.y robust 
health, as a result of paradoxical embolism, or again, bj' the develop- 
ment of subacute bacterial endocarditis in an individual whose bicuspid 
pulmonic valve had hitherto not given rise to a single sign or sj'mptom. 
Quite a proportion of congenital cardiac defects are, of course, of such 
a nature as to be either entirelj* incompatible with life or permit onlj’’ 
a short and crippled existence. 

It therefore becomes increasing!}’- interesting, and in view of the wide 
differences in prognosis with regard to various congenital lesions, very 
important to differentiate them, not only from one another, but also 
from acquired cardiac disease. What, then, is the approach to the 
clinical recognition of these entities? Their clinical recognition de- 
pends on: (1) an understanding of the ontogenesis of each of these 
anomalies, (2) an understanding of the ph.ysiological alterations im- 
posed on the cardiovascular system by their presence, and (3) the cor- 
rect interpretation of groups of findings which form in many cases a 
syndrome characteristic, or at least extremely suggestive, of a par- 
ticular anomalous arrangement. 

THE GENESIS OF CARDIOVASCUEAR ANOSIALJES 

If one begins with the premise that the cardiovascular s.ystem re- 
capitulates its ancestral historj^ during the course of its own develop- 
jg reasonable to expect that, if ariest of development doe.s 
occur, it will represent tlie adult form of one of the lower vertebrate 
series, dependent on the stage at whicli arrest takes place. Hie intei- 
mediate stag'es are, in fact, particular!}’' well illustiated in the de^elop- 

*From the Section on Cnrclioloffy, The ^Mayo Clinic. 
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mg mammalian Jieart because it assumes functional activity at a very 
early stage of gestation. As in its phylogenetic history, it starts as a 
simple tubelike sti'uetui'e with the same subdivisions as the adult fish 
heart (Fig, 1, a). Expressed in the simplest foi-m its development from 
then on consists essentially in: (1) septal formations dividing the 
auricle, the ventricle, the bulbus cordis, and the common aorta or 
timncus arteriosus each into two sections (Fig. 1, h) ; (2) torsion of 
the cardiac tube; (3) development of the bulbus cordis ; (4) the incor- 
poration of the sinus venosus into the j-ight auricle (Fig, 1, b) ; (5) the 
evolution of the aortic arehe.s, some being obliterated, others becoming 
the permanent aortic arch, pulmonary arteiy and their branches, and 
(6) closure of fetal channels after birth. 



F1& la. — ^Pish type of heart, which in similar to tlie iieart in tiie fourth-week hu^n 
embrj'o; b, septal formation: The sinus venosus is Incorporatert in the right auricle, 
the bulbus cordis becomes part of the right ventricle (mainly) and of the left 
ventricle, and a clocicwlsc rotation occurs in the bulboventricular part of the cardiac 
tube. 

Septal Formatwis . — This proce.ss is the phy.siological response on the 
part of the cardiac tube to the evolution of a lung-re.spiratorj'’ system 
so that the venous and arterial systems eventually become completely 
separated from one another. Any of these septal formations may be 
incomplete, resulting in any one of a variety of well-known defects 
(Table I). The cor biloculare in winch no septa have developed is the 
replica of the fish lieaid. The amphibian form is represented by the 
cor triloculare biatriatum in which the interventricular septum is absent. 
Small interventricular septal defects, such as the maladie de E-oger, 
resemble the adult form of the heart of some of the higher reptiles. 
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Noiy if it is realized that the different developmental processes which 
are being described are occurring more or less synchronously, it is 
apparent that multiple sites are liable to be involved, though isolated 
anomalies, of course, frequently occur. Normally, septal formations 
are complete after the seventh week of fetal life. 

Torsion of the Cardiac Tube . — At an early stage the cardiac tube 
becomes kinked on itself by virtue of the fact that its extremities are 
relatively fixed as the primitive heart elongates (Fig. 1, 5). The tor- 
*sion to which I refer, however, applies to a clockwise rotation of the 

Table I 

Classificatiox op Congenital Heart Disease 


I. Anomalies associated with septal formation: 

1. Cor hilocnlare 

2. Cor triloculare biatriatum 

3. Cor triloculare biventriculare 

4. Auricular septal defects 

5. Ventricular septal defects 

G. Persistent truneus arteriosus 

II. Anomalies associated with torsion of the cardiac tube and 

III. Anomalies associated with development of the bulbus cordis: 

1. Subaortic stenosis 

2. Pulmonary stenosis 

3. Transposition of great vessels 

4. Tetralogy of Fallot 

0 . Eisenmenger 's complex 

G. Anomalies of the aortic and pulmonic valve cusps 

IV. Anomalies associated with development of the aortic arches: 

1. Persistent right aortic arch with isthmus stenosis of the left arch 

2. Double aortic arches 

3. Coarctation of the aorta 

4. Anomalous origin of vessels arising from the aortic arch 

5. Patent ductus botalli 

V. Dextrocardia 

VI. Anomalies of the coronary vessels 


bulboventricular end of the cardiac tube during which the aorta moves 
toward the left and partially behind the commencement of the pul- 
monary artery. If one ivill examine the anterior aspect of the adult 
normal heart this relationship will become clear. This torsion is neces- 
sary in order to bring the left ventricle into juxtaposition with that 
pai't of the truneus ai’teriosus which is destined to become the aorta, 
and the right ventricle into juxtaposition with the pulmonary artery. 
As in the adult heart of certain reptiles, there is a transitory stage in 
the human heart in whieli there are two aortae connected with the 
left ventricle, each with two cusps. In the process of torsion, the right 
aorta is obliterated Avhereas the left remains open to become the out- 
flow chamber of the left ventricle. If this process of torsion is ari'ested, 
the aorta is left in a dextroposed position, in which case the right 
aorta persists instead of the left, or the right and left aortae may fuse 


138 


THE AMERICAN HEAR'!’ JOUJINAL 


to form a large aortic trank. In either ease this dextroposed aorta, 
instead of bearing the normal relationship to the left ventriele, over- 
rides tlie interventricular septum (whicli is usually incomplete) and the 
right ventricle (Fig. 2). In other words, the great vessels (the aorta 
and pulmonaiy artery) are tramsposed, and this transposition may he 
present in varying degrees depending on the degree of torsion that 
has occurred. Sometimes there is a small niche in the right ventricle 
which represents the obliterated riglit aorta. It is extremely likely 
that other developmental defects will accompany such a gross devia-. 
tion from the normal, such as imperfect septal formations and incom- 
plete evolution of the hulbus cordis. 

Here, then, one sees the gene.sis of one of the important and inter- 
esting anomalies representing arrest at the reptilian .stage, namely, the 
tetralogy of Fallot. This consists of dextroposition of the aorta, Avitli 
an interventricular septal defect, pulmonary stenosis, and an hyper- 

Aorta 

I 



Fie. 2. — The tetralog>' of Fallot, showine a large aorta which is dextroposed and 
overrides the interventricular septum. The latter is incomplete. The pulmonary 
artery is stenosed and the right ventricle is hypertrophied. The left auricle is not 
indicated in this diagram. 

trophied right A'entriele. Cusp anomalies are frequently associated 
with the tetralogy, especially in the form of bicuspid leaflets Avhich 
are, interestingly enough, the normal for the reptilian species. 

The Development of the B^lll)us Cordis . — Essentially this consists of 
the ineoi’poration of the major portion of the hulbus into the right 
ventriele, to form the eoniLS arteriosus, and a smaller poi’tion into the 
left A^entricle. If this process is incomplete, the con-esponding ven- 
triele Avill be constricted or stenosed in that region. Thus in the ease 
of the left ventriele there Avill be a stenotic band beloAV the aortic 
valve, that is, a subaortic stenosis. Its countei-part in the right ven- 
tricle consists of a subpulmonic or infundibular stenosis. 

In the genesis of some of the stenotic congenital lesions, fetal in- 
flammatory proce.sses probably play a part. 
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The Incorporation of the Sinus Ve^wsus info the Bight Auricle.— hi 
the adult heart the sinus veuosus is represented by that part of the 
right auricle which receives the blood from the superior and inferior 
venae cavae anatomicallj' known as tlie sinus venarum. 

The Development of the Aortic Arches. — Briefly stated, there are six 
pairs of aortic arches connecting the primitive ascending aorta to the 
primitive descending aorta. The 3 ^ are not all present at tlie same time. 
The left fourth arch becomes the aortic arch. The right fourth arch 
forms the innominate artery and the beginning of the right subclavian 
artery. The sixth arch gives origin to the pulmonary artery, arrd on 
the left side, to the ductus botalli. 

The chief arronralous developments met are persistence of both fourth 
arches and persistence of the right arch in place of the left. The latter- 
arrangement is closely related to coarctation of the aorta. The very 



Pig-. 3 . — Persistent right aortic arch, representing tlie right fourth aortic arch. 
Note its relation to the trachea and esophagus. The shaded part represents tlie left 
fourth arch which normal!}- becomes the aortic arcli. 

plausible explanation has been given that if for any reason the left 
fourth arch becomes stenosed, tlien one of two terminations results, 
namely, coarctation, or the right fourth arch may remain patent, form- 
ing the aortic arch.^ In the latter instance the patency of the right 
arch is salutary ; it usually runs over the right bronchus and beliind 
the trachea and esophagus to join the descending aorta. The left arch 
is here represented hj^ the left subclawan arteyv, the stenosed fourth 
arch and a diverticulum which would have formed that part of the 
aortic arch between tlie point where the ductus botalli joins it and 
the descending aorta if the left arch had been normally patent (Fig. 
3). Coarctation of the aorta is frequently associated with aneurvsms 
of the circle of Willis."-^ Permanent patency of the ductus arteriosus 
(botalli) should be considered together with anomalies of the aortic 
arches, as the former is derived embryologically from the latter. The 
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opening up of tJie pulmonaiy circulation after birtli usually leads to 
giadual closure of the ductus. Should conditions remain such that 
pressure in the pulmonic circuit and the aortic arch remains the same 
as before birth, the duet will remain patent. Patency of the ductus 
is frequently associated with other anomalies of the aortie arches. 

Closure of Fetal Channels.-— -Thh refers to the closure of the ductus 
arteriosus and the foramen ovale. 

Classification . — Associated with each of these processes, anomalous de- 
velopments may occur and congenital cardiac lesions conveniently clas- 
sify themselves under the corresponding subdivisions shown in Table I. 
Such a classification is self-explanatoiy and easily remembered. Viewed 
in this light, the corj’esponding phj'siological disturbance caused by each 
anomalous condition is readily undei’.stood and the symptoms and physi- 
cal findings are more readily explained. There is, therefore, no particu- 
lar advantage in dividing them into clinical groups. 

certain facts and findings avhicii should lead one to suspect the 

PRESENCE OF A CONGENITAL CARDIAC ANOMALY 

Bruits Not Explainable on the Basis of the Conventional Acquired Val- 
vular Lesions . — These have usually been noted in infancy and are 
rather eon.stant over a period of years. The point of maximal intensity 
should be noted as well as the direction in which the murmurs are 
propagated. 

Thrills . — These are frequently present over the areas of maximal in- 
tensity of the bruits, and both bruits and thrills become more readily 
elicited elinieall}’' after exercise. 

Evidence of Venous- Arterial Shunt, With the Usual Manifestations: 
Cyanosis, Polycythemia, and Clubbed Fingers and Toes . — The group of 
cases in which the venous-ai’terial shunt is transitoiy, depending on 
tempoi’arily induced increased pre.ssure on the venous side, frequently 
have a history of episodes of d3^sp^ea or cyanosis. A rather unique 
feature relative to the ejmnosis of congenital heart disea.se is the ab- 
sence of edema wlien the cyanosis is quite pi-onounced. 

Any Unusual Heart Contour in the Boentgenograni, Such as a Promi- 
nent Pulmonary Artery . — Points readily overlooked ai’e: lack of promi- 
nence of the aoi'tic knob ; shadows to the right of the sternum running 
up toward the I’ight stemoclavieular .joint, as is seen in persistent right 
aoi’tic arch, and erosion of ribs, which may in itself be diagnostic of 
coarctation of the aorta. These features are often better elicited by 
fluoroscopy. 

Hypertension . — In a .young individual hj’pei’tension .should lead one 
to examine the strength of the pulsation in the abdominal aorta and 
femoral arteries and to look for other evidence to exclude or confirm 
the presence of coarctation of the aorta. 

Congenital Anomalies . — Congenital anomalies in any part of the body 
should lead one to examine earefullj’’ for cardiac anomalies. In Ah- 
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bott s series/ 18.8 per cent of patients had anomalies elsewhere, llon- 
goliau idiots, too, are prone to have congenital cardiac lesions. 

SiiMmte Bacterial Endocarditis.— Thi^ frecinentlj^ occurs as a com- 
plication of congenital heart disease. 

Comment . Once an anatomical diagnosis has been arrived at, the 
lesultant physiological disturbance should be reasoned out and exami- 
nation should be made to see if the X5h5'sieal findings fit the ease. There 
will in many instances be room for differences of ox^inion in the inter- 
pretation of x^hj'sical signs, but it is only by making a concerted effort 
to establish a detailed diagnosis in each instance that one is going to 
become more exx^ert in recognizing them. 

THE ELECTROCARDIOGRAM IK COKGEKITAL HEART DISEASE 

If one can divorce from one ’s mind the idea that congenital heart 
disease is an entity separate from heart disease in general and adheres 
to the x^hysical pTineiples governing electrocardiography, the subject 
becomes much more clearly understood. IVith the single exception of 
dextrocardia with complete situs transversus, there are no diagnostic 
electrocardiographic patterns in congenital anomalies. The informa- 
tion so obtained serves merelj’’ as one link in the chain of evidence. 

Again I must refer to the ph3'siological alterations concerned in auj’’ 
particular anomaly. If the condition is such as to throw added strain 
on the left ventricle, as in coarctation of the aorta or subaortic stenosis, 
a left axis deviation m the electrocardiogram null reflect such a con- 
dition as eloquently as it does in arterial hj'^pertension or in acquired 
aortic disease. If mjmeardial changes result as a consequence, T-wave 
changes in Leads I and II can be expected to follow.’^ It so happens 
that the majority of congenital defects are attended sooner or later by 
strain on the right side of the heart, eitlier because of arteriovenous 
shunts or stenotic xnilmonary effects. Corresponding roughly to the 
degree there will be right axis deviation and perhaps T-wave altera- 
tions in Leads II and III.^ P-waves may be exaggerated, as in acquired 
mitral stenosis, indicating greater auricular acti^uty. 

Conduction interferences are at times of considerable diagnostic help 
when caused by interventricular sexhal defects, while coronary tj'pes 
of T-wave changes have been noted when the coronary vessels origi- 
nated from the x^lnionaiy artery.^' 

Auricular fibrillation is very umisual except in a widely patent 
foramen ovale accomxjanied b^' distention of the light amide. 

Very meager information is forthcoming from the literature regard- 
ing the fourth lead in cases of congenital heart disease. In the past 
3'ear a clinical diagnosis of congenital heart disease was made in forty- 
three cases. A fourth lead (Wolferth) was recorded in seventeen eases. 
q'Xi0 frequenc3’ of abnormal changes is indicated in Table II. It is 
apparent again that such changes are not in any sense diagnostic but 
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seem to be associated ivitli a cardiac mechanism AvhicJi thron*s an added 
strain on the right side of the heart, particularly if the strain is pro- 
nounced or of long standiiift-. 

A group of twenty-six eases reported by Edeikeii, Wolferth, and 
Wood,' in ndiich the fourth lead shoAved the only electrocardiographic 
abnormality, included one congenital anomaly. The fourth lead Avas 
upright in this case and it AA'as associated AAntli right A’^entricular pre- 
ponderance to the extent of +128°, 



iSSslocation of thrill, if present 
□□muisioal oharactoristlcs of bruit 

Fig. 4. — Interventricular septal defect ; the heart contour is normal and the electro- 
cardiogram is normal. 

THE DIAGNOSTIC FEATURES OF INDIAUDUAL CONGENITAL ANOMALIES 

Interventricular Septal Defect (Malache clc Roger). Mechanism. 
There is an arterioA'cnous shunt because of the higher pressure in the 
left ATntricle. With a failing left ventricle, or Avith increased pressure 
on the right side of the heart, the Aoaa’ is reversed and under these 
conditions only does CAmnosis oecui\ 

The syndrome (Fig 4). The bruit and the thrill are the important 
findings. Roger’s original descriptions of fPe bruit AA-as as folIoAvs: 
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"Tliis murmur is uncomplicated bj’’ other murmurs; it begins with 
•systole and is jirolonged to such an extent that it entirely covers the 
natural tic-tac of the normal heart sounds/’ The heart’s shape is usu- 
ally normal, as is the electroeai’diogram. Occasionally, however, there 
is evidence of interference with the eonducti\^e system. S3"mptoms are 
absent, but subacute bacterial endocarditis is a frequent complication. 

Inter auricular Septal Defect (Widely Patent Foramen Ovale ). — 
Mechanism. The .shunt again is arteriovenous until conditions arise 
which cause a I’eversal of pi'cssures. C^mnosis is tlius a frequent 
terminal event. 

The S3aidrome. Until such events as just desciubed occur, there are. 
generall3^ no signs or symptoms, no cardiac enlargement or abnormal 
contour features, and the condition may thus remain unsuspected and 
undiagnosed. A patent foramen ovale .should be suspected W'^hen (1) 
there is a history of cyanotic .spells or undue e3’’anosis during pulmo- 
nary infections, and (2) Avhen .S3^sto]ie or pre.S3^stolic bruit.s, with or 



Fig. 5. — Lutembaclier’s disea.se (patuloua foramen ovale with mitral stenosis). 

wdthout thrills, are audible over the upper portion of the sternum and 
are not otherwise explainable. When s3'mptoms do oecui”, there is usu- 
ally evidence of right ventricular hypertrophy with enlargement of 
the pulmonar3' artery and also of the right auricle. The roentgenologic 
and electrocardiographic findings will then be in keeping "with .such 
events. 

Comment. Among congenital heart lesions, a widely patent foramen 
ovale is the on]3^ one which at times terminates in auricular fibrillation. 
Paradoxical embolism ma3’' occur, but subacute bacterial endocarditis 
is a I'are complication. 

LutemhacJicr’s Disease (Mitral Stenosis and Iniet'uuricular Septal 
Defect). — Mechanism. .Something of a vicious eiz’cle is created b3’’ the 
fact that an easier egress exists through the iuterauricular septal de- 
fect for the blood in the left auricle than tlu’ough the stenosed mitral 
orifice (Fig. 5). This means that blood already aerated reaches the 
right side of the heart, to be sent to the lungs again. While this is 
no special disadvantage at fir,st, the right ventricle soon hypertrophies, 
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ff •'''i ^oes, a reversal of blood eventually 

esults fiom the right side of the heart to the left, and evanosis de- 

IS controlled the degree of cyanosis decreases. 
The syndrome. The syndrome consists of : (1) the auscultatory find- 
of mitral stenosis at the apex, (2) at time.s, a high-pitched bruit 
udible over the upper portion of the sternum accompanied by a thrill 
(in a recent. case the correct diagnosis was arrived at by this finding). 



Pig. 6. — ^Roentgenologic appearance of Lutembacher’s disease, sliowing the enormous 
dilatation of the pulmonary vessels (simulaUng a mediastinal tumor) and the 
rounded apex, representing a much hypertrophied right ventricle. 


(3) roentgenologic evidence of cardiac hypertrophy, especially affect- 
ing the right ventricle, a prominent pulmonary conus and an enlarged 
-right auricle; the aortic knob is smaller than normal, and the pulmo- 
nary vessels may be so increased in prominence as to simulate pathologic 
mediastinal Ij^mph nodes (Fig. 6) (in the ease just referred to the 
preliminary diagnosis was mitral stenosis and Hodgkin's disease), and 

(4) marked right caxis delation in the electrocardiogram. 
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Comment. Right heart failure eventually j-e-sults. 

Suhaortic Stenosis. — Meclianism. The mechanism is the same as in 
acquired aortic stenosis. 

The .syndrome. The .syndrome consists of; (1) a Jiar.sli systolic bruit 
at the base transmitted to the vessehs in tlie neck, (2) an accompanying 
thrill, (3) forceful action of the left ventricle in contrast to a weak 
radial pulse, (4) absence of symptoms, and (5) evidence of left ven- 
tricular sti*ain roentgenologicallv as well as electrocardiographically 
(Fig. 7). 



O point of maximal intensity of bruit 
— HBoln direction in which propasated 
Snlocatlon of thrill. If present 
□□iBuslcal characteristics of bruit 

Fijr, 7. — Subaortic stenosis. The left ventricle is hypertrophied and the clectrocardlo- 

Eriim shows left axi.s deviation. 

Comment. The prognosis is good. 

Pulmonary Stenosis. — Mechani.sm. 1. With a clo.sed interventricular 
septum, the right ventricle naturally hypertrophie.s markedly. De- 
pending on the degree of the defect, cyanosis almost inevitably super- 
venes, although the individual may reach adult life before it becomes 
noticeable. Once it begins, it is likely to be progressive, with increas- 
ing clubbing and polycythemia. 2. With an inteiwentricnlar septal 
defect (which is far more common), the load is taken off the right 
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ventricle to some extent, but cyanosis occurs earlier because of the 
venous-arterial shunt. In both instances the foramen ovale is likely 
to be patent, no doubt because of increased pressure on the right side 
of the heart; this may add to the venous-arterial shunt. 

The syndrome. The sj-ndrome consists of; (1) A harsh systolic bruit 
in the second left interspace, which is transmitted toward tlie left 
shoulder and not to the vessels in the neck, (2) a well-marked .thrill, 
(3) a prominent conus, which is evidence of hypertrophy of the right 



Pig-. 8— Pulmonary stenosis, showing the prominence of ^hf ^nus shadow an<l t^^^ 
lypertrophied right ventricle. The electrocardiogram shows right axis deviation. Tlii. 
ihading of the lips indicates cyanosis. 


ventricle, and enlargement of the right auricle, (4) right ventricular 
strain electroeardiographicalh^ and there may be T-wave^ changes in 
Leads II and III significant of right heart strain, and (5) cyanosis, 
sooner or later, with tlie usual secondary manifestations (Fig. S). 

Comment. Symptoms tend to develop early. Dyspnea on exertion 
heralds the manifestations associated with impaired oxygenation ant 
myocardial damage. Not a few patients succumb to subacute bac- 
terial endocarditis. 


148 


THE AMERICAN HE^VUT JOURNAL 


The Tetralogy of F allot. —KGnham^m. As the right ventricle empties 
itself, the smaller portion of venous blood enters the much narrowed 
pulmonary artery, whereas the major portion enters the large aorta 
which usually directly overrides the defect in the interventricular 
septum (Fig. 2). The venous blood which does get aerated returns to 
the left auricle and so to the left ventricle. With contraction of the 
latter, this aerated blood joins the stj’eam of venous blood from the 
right ventricle in the aorta. It is apparent, then, that with the com- 



O point of maximal intenolty of bruit 
— ►main direction in which propagated 
Srslocation of thrill, if present 
□□musical characteristics of bruit 

Pig. 9. — The tetralogy of Fallot: Note the boot-shaped heai-t. the right axis 
deviation in the electrocardiogram, with a positive T-wavc in the fourth lead (Wol- 
ferth). The sliading of the lips Indicates cyanosi.s. 

bined effects of the venous-ai’terial shunt and the much restricted 
pulmonary circulation, cyanosis will be prominent. The peribronchial 
vessels help, to a greater or lesser degree, to cany blood for aeration 
to the lungs, and the efficiency of this alternate route does a good deal 
toward establisliing the prognosis in the individual ease. 

The sjTidrome. The syndrome is as follows: (1). Cyanosis tends to 
begin early in life and often becomes extreme, (2) bruits may be 
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absent, but there is nsiiall.r a sj-stolie ninrnmr at the base transmitted 
to the vessels in the neck, 'with or without an accompanying; thrill, 
(3) the heait becomes sabot-shaped, because of the prominent richt 
entricle without enlargement of the pulmonary artery, and because 
of the dextroposition of the aorta, the great vessels will be prominent 
on the right, and (4) there is electrocardiographic evidence of right 
ventricular strain (Kg. 9). 

Patent Puctns A.rteriosus. — ^IVIechanism. Because of the higher aortic 
pressure, blood is shunted from the aorta into the pulmonaiw artery. 



Fig-. 10. — Patent ductus arteriosus (Botalli) : Note the prominence of the conus 
shadon-. The electrocardiogram 'shou-s right axis deviation. 

"While this is not particularly disadvantageous, it does increase the 
load on the right ventricle. When conditions arise which increase the 
pressure in the pulmonary circuit above the systemic level, a revex'sal 
of the shunt occui’s, with cyanosis corresponding in degree and dura- 
tion to the extent of the shunt. 

The syndrome. The syndrome consists of: (1) A '‘machinery” or 
continuous murmur in the second left interspace which is transmitted 
toward the left shoulder, . the second pulmonic sound usually being 
accentuated, (2) dullness in the region of the second and third left 
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interspaces (Geriiarclt’s ribbon dubness), (3) a prominent ebnns shadow, 
and (4) right axis deviation in the clectroeardiograin (Fig. 10), 

Comment, Tliis is a typical example of a congenital Ie.sion in which 
symptoms are absent in marked contrast to the prominent physical 
findings. Tlie frecpient development of subacute bacterial endocarditis 
renders the prognosis guarded, even though no serious mechanical dif- 
ficulties are like)}'’ to develoji. 

Coarctaiion of ilic Aorta. — Mechanism. The obstruction to the aorta 
is usually just beyond the origin of the left subclaviaii artery, that 



Fig. 11. — Roentgenologic appearance of coarctation of the aorta; Note the absence 
of the aortic knob and the ero.sion of many of the ribs. The left ventricle is hyper- 
trophied, 

is, at or near the junction of the ligamentum arteriosum and the aorta. 
The ligamentum arteriosum is the occluded dnetvs arteriosus, and it 
often remains patent "when anomalies of the aortic arches are present. 
Interference with circulation bejmnd the point of obstruction depends 
(1) on the degree of coarctation, and (2) on the degree of collateral 
circulation which can be built up. The latter element, affecting mainly 
the intercostal arteries and the internal mamraaiy artery and it.s 
branches, gives rise to characteristic clinical and roentgenologic find- 
ings in the form of pulsating ve.s.sels and erosion of the undersurface 
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of some of the ribs (Fig. 11), The obstruction also results in increased 
pressure in the vessels arising proximal to the point of obstruction. 
In these cases pulsations in the abdominal aorta and femoral vessels 
are markedly diminished in contrast to hypertension in the upper 
extremities. 

The syndrome. The syndrome is as follows : (1) a systolic bruit is 
often present over the base and is easily confused with acquired aortic 
stenosis, (2) a thrill may accompany the bruit, (3) there is evidence 
of left ventricular hypertrophy, (4) there is electrocardiographic evi- 
dence of left ventricular strain, and (5) there is evidence of the col- 
lateral circulation just described. 

Comment. Coarctation of the aorta may be latent for years, and 
congestive heart failure ma 5 ’' first bring the patient to a phj^sieian. 
Veiy frequentl 3 % however, the condition terminates fatallj^ as a result 
of the development of subacute bacterial endocarditis, and not a few 
patients die suddenlj'- from a ruptured aneurj^sm of the circle of Willis, 
which is frequentlj’- an associated congenital anomaly. Many patients 
complain that their legs ‘‘go to sleep” very readil.v because of di- 
minished . circlilation to the lower extremities. Others live to an ad- 
vanced age arid die from an unrelated cause. 

Persistent Bight Aortic Arch. — ^hlechanism : Ph^’^siologically the mech- 
anism is perfectlj^' normal and represents the avian arrangement. The 
abiiormal anatomical situation, however, especially its relation to the 
trachea and esophagus, maj’- cause s.ymptoms of pressure referable to 
these structures. 

The syndrome. The sjmdrome consists of (1) evidence that the 
ascending aorta is farther to the right than normal, namelj^ 'dullness 
to the right of the sternum, pulsation in the second or third right 
interspaces, maximal intensity of the aortic heart sounds to the right 
and above the usual location, and strong pulsations in the right supra- 
clavicular fossa ; and (2) characteristic roentgenologic findings, which 
are (a) a shadow to the right of the sternum I'unning upward toward 
the right sternoclavicular joint, (b) evidence of displacement of the 
esophagus and trachea toward the left (this is well brought out by 
fluoroscopy with a barium-filled esophagus, whereas a stomach tube 
may be dela^md at the point of displacement and transmit the pulsa- 
tion from the arch of the aorta), (c) absence of the normal aortic 
knob in the usual, situation and the presence of a retro-esophageal 
aortic knob determined. bi’' fluoroseopi’-, and (d) corroborative evidence 
is supplied bj^ eliciting, fluoroseopicallj’-, a diverticulum-like structure 
joining the descending aorta which represents tlie fourth left arch be- 
yond -the point of origin of the ductus arteriosus (Fig 3). 

Comment. In most of the cases described the heart is normal and 
symptoms may be entirel}- absent. So-called dj^sphagia' lusoria result- 
ing from esophageal displacement occurs but is frequently absent as 
in Arkin's cases.^ 
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Congenital Anomalies Which Arc Bare But in Which the Diagnosis 
Mag Be Siispectcd . — ^Anomalies of the coronary arterj'-. McGinn and 
White® described the case of an infant who manifested attacks of 
distress on effort, sucli as when nursing, while the electrocardiogram 
showed T-wave changes of the coronary type. The heart was hyper- 
trophied. At necropsy a single coronary artery was found ari.sing from 
the pulmonary artery. The effects of anoxemia in this ease were 
analogous to those in coronaiy occlusion. 

Cor triloculare biatriatum. On the basis of another anomaly the 
same authors laid down the dictum that when in the roentgenogram 
a “water-bottle^' shaped heart resembling a pericardial effusion is 
associated with intraventricular conductive disturbances in the elec- 
trocardiogram, a three-chambered heart of the foregoing type should 
be kept in mind. 

THE PROGNOSIS IN COHGEKITAE HEART DISEASE 

It is not always easy to prognosticate the future course of congenital 
heart disease. There is, however, with a few i*e.seiwations, no reason 
to deviate from the usual criteria for judging eai’diae effeieney. The 
heart is essentiall}^ a muscular pump and its main function is to main- 
tain adequate circulation under the varying conditions incident to the 
dail,y life of the individual. With this as a premise, and it is common 
to all cardiac states, and with the genei’al principle common to the 
wider fields of diagnostic medicine that an isolated sign rai*ely has 
much significance, the degree to which this, its main function, is inter- 
fered with in the main establishes the prognosis. 

The nature and degree of the mechanical disadvantage are the first 
considerations; hence, again, the importance of establishing an ana- 
tomical diagnosis. In states such as patent foramen ovale, patent 
ductus arteriosus, maladie de Roger, and subaortic stenosi.s, it may be 
practically negligible and in spite of loud murmurs there may be little 
if any interference with the patient's activity. When, however, the 
degree of altered function is such as to place undue strain on one or 
more chambers of the heart, hypertrophy, dilatation, and later, loss of 
cardiac reseiwe, must ineAutably follow. This undue strain is mainly 
brought about by abnormal shunts of blood through incomplete septa 
or through stenotic orifice.s, and finally, through extracardiac factors 
such as increased pre.ssure udthin the pulmonary circuit. Evidence of 
hj’pertrophj^ or enlargement of individual chambere or of the heart 
as a whole then definitely influences the prognosis adversely, accord- 
ing to the degree of such enlargement. 

The reservations previously referred to are occasioned by the vul- 
nerabilit3’' of the eongenitallj’ anomalous heart to rheumatic fever, bj' 
the frequency with which subacute bacterial endocarditis becomes en- 
grafted upon it, and bj^ the sudden death of an individual in appar- 
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entl 3 ’ good health. Ahhott’s statistical studies siipplj* enlightening 
information regarding the termination in various tj^pes of congenital 
heart disease.^ Small interventricular septal defects Avith patent ductus 
arteriosus may interfere veiy little with activity, but in from 20 to 25 
per cent of cases of both tj’pes subacute bacterial endocarditis de- 
velops. In contrast, a widely' patent foramen ovale is hardly ever the 
basis for such a complication, but in about half the cases congestive 
failure eventuallj’ develops. For the group of cases in which lesions 
involve the pulmonary infundibulum, with or without associated ven- 
tricular septal defects and the different degrees of transposition of the 
great ^Assels, the prognosis is not good. CAmnosis is likely to develop 
earlj' and to be progressive, and incapacitation is the rule. Subacute 
bacterial- endocarditis terminates life in more than 20 per cent of this 
group. 

The individual with coarctation of the aorta leads an existence beset 
with even more hazards. About a third of the patients die with con- 
gestive fadiire; subacute bacterial endocarditis claims about 10 per 
cent. An unexpected and dramatic termination is not infrequently^ the 
result of subarachnoid hemorrhage due to rupture of an aneuiysm of 
the circle of Willis, and rupture of the proximal part of the ascending 
aorta not infrequently- occurs. Of Abbott’s seventy' patients witli the 
adult tyqie of coarctation, twenty-two died suddenly^ Headaches, con- 
vulsions, and other neurological complications have been commented 
ou.''^ 

In spite of mechanical disadvantages and unpredictable hazards, 
however, remarkable instances of longevity- have been recorded : Thus 
Fii’ket’s patient, a -woman with combined mitral stenosis and an 
auricular septal defect, went through eleven pregnancies and three 
abortions and lived to the age of sevent.v-f our j Lutembacher’s pa- 
tient,^^ also a woman and with the same ty'pe of lesion, lived to be 
sixty--one y-ears old and went througli seven pregnancies without heart 
failure, and two other patients with the same tyyes of lesions lived to 
the age of seventy'-four and sixty-two y’-ears, respecti^'ely.^- Wliite and 
Sprague ease of the tetralogy' of Fallot was even more remarkable: 
The patient, although cy-aiiosed, lived a full life and died at the age 
of fifty-nine ymars and eight months. Erickson and Willius^-* reported 
a case of widely- patent' foramen ovale, so wide that a normal heart 
could be fitted snugly into the opening; yet the patient, a man, lived 
to be seventy'-one y-ears old. 

su:M3rARy and conclusions 

A study of the embryology and comparative anatomy of the heart 
is essential in understanding the genesis and mechanism of human 
congenital cardiac anomalies. A number of these congenital lesions 
are recognizable clinically. The syuidromes diagnostic or suggestive 
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of mterventricular and interanricular septal defects, including Lutem- 
bacher’s disease, subaortic and pulmonary stenosis, the tetralogy of 
Fallot, patent, ductus arteriosus, coarctation of the aorta, persistent 
I'igbt aortic arch, one tj’^pe of coronary artery anomaly, and the cor 
biatriatum triloculare have been described. 

While eleeti’ccai’diographic evidence is impoidant in the recognition 
of congenital heart disease, there is no diagnostic picture for any type 
except congenital dextrocardia with complete situs ti’ansversus. 

. The uncomplicated septal defects, patency of the ductus arteriosus, 
subaortic stenosis, and i^ersistent right aortic arch may interfere with 
activity only to a limited extent, but the frequent occurrence of sub- 
acute bacterial endocarditis as a complication renders their prognosis 
guarded. Occasionally an individual with a gross cardiac defect lives 
to an advanced age. ' 
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CHEST LEAD TEACINGS IN AETERIAL HYPERTENSION 
WITH CARDIAC ENLARGEMENT 

iR^aNG R. Roth, M.D. 

New Y'ork, N. Y. 

TT IS the iJiirpose of this presentation to call attention to a possible 
* source of erroi' in the inter]3retation of chest lead tracings in cases 
of arterial hj^pertension. In the eoiiveiitional chest lead tracings,* 
introduced by Wolferth and Wood,^ the ventricular complex is de- 
scribed as consisting of a large dibasic QRS and a large negative 
T-wave. Although variations in this normal pattern are not uncom- 
mon, the actual variations are usually in amplitude only. One of the 
limbs of the QRS, either the Q or the R may be somewhat stunted, or 
the T-wave may show only a shallow am’^ersion. However, in order 
that the tracing shall qualify as normal, its configuration may not be 
altered to a point where an.y one of its essential features is elimi- 
nated. The initial portion of the ventricular complex should have 
Q and R components and the T-wave should show at least a .shallow 
inversion.! 

Classical alterations in the ventricular complex of chest lead trac- 
ings, as pointed out bj’- Wood et al.,^ occur generallj’ in case,s of focal 
m 3 mcardial damage due to an occlusion along the course of the an- 
terior descending branch of the left coronaiy ai’teiy. Such altera- 
tions include: (1) Elimination of the initial component of the QRS — 
absence of the Q wave, and (2) positive or upwardl.y directed 
T-waves, At this stage of our familiarit.y with chest lead tracings it 
is not necessaiy to cite literature to prove that .such changes indicate 
mjmcardial damage. The pattern is accepted as corroborative evi- 
dence in cases where the histoiy, and clinical findings suggest coro- 
naiy occlusion. That the electrocardiogram is merely eoiToborative 
must be empha.sized because chest lead tracings with upright T-waves, 
although a characteristic finding in anterior infarction, ma.y be found 
in conditions other than actual cardiac infarction. Furthermore, 
they are not uncommon^ found in apparentlj'' normal children.^ 

It is the iiurpose of this communication to point out that even in 
persons in the arteriosclerotic age grouji and even in those with 
anginal sjanptoms, abnormal T-waves in chest lead tracings must be 
evaluated with considerable caution. That is, an upright T-wave in 
the conventional che.st lead tracing ma^y not always be taken as an 
indication of a focal m.yocardial damage even when there are other 
evidences of coronary artery disease. The electrocardiographic pat- 
tern in arterial lij’pertension with cardiac enlargement is of .special 
interest in this connection. 

In this type of heart disease the standard electrocardiogram is often 
of a distinctive pattern.-*’ ** It shows; (1) Moderately high voltage, 

♦Lead IV and/or Lead V. 

tThere are exceptions to this in the case of young: cliildren and, rarely, in tlio 
case of seeiningrly normal adults. 


155 



156 


THE AMERICAN- HEART JOURNAL 


(2) left axis deviation, (3) inversion of Tj, aiid (4) a tali, upright T^. 
Of coui-se this is not, strictly speaking, a pattern of liypertension. It 
IS the pattern rather of an enlarged and hypertrophied left ventricle 
Avliicli develops in a long-standing hypertension. Extreme left heart 
enlargement due to other causes may produce a similar pattern. 

Chest lead tracings recorded from the region of the apex heat in 
arterial h,ypertension -svitli cai-diae enlargement may present a con- 
fusing picture. The rea.son, as indicated, is apparently anatomical. 



Fig-. 1. — standard Lead.s I. II, III, and chest lead-s. Left pectoral-Foot (Lp-F) 
and Apex-Foot (Ap-F). A, B, and C represent cases of arterial hyperten.slon with 
cardiac enJargement. In each case Ti .shows inversion of its ar.st portion, and Ts 
i.s upright. Tlie Lp-F chest lead shows a negative T-wave (normal pattern) and the 
Ap-F chest lead shows an upright or partly upright T-wav'e, resemhl/ng in s'eneral 
standard Lead III. 


The outermost border of the left ventricle in this ti’pe of disoi’cler 
often extends to or beyond the anterior axillary line. Consequenlly, 
a chest lead taken with the exploring electrode at the apex is really 
an axillary lead and not a pectoral lead. Axillary leads in nonnal 
pensons are Itnown to resemble standard limb leads and the axilla-foot 
lead of the group resembles .standard Lead HI. Che.st lead tracings, 
therefore, in which the exploring electrode is situated near the axilla, 
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.yield a record of a modified, often a magnified, standard Lead III. 
But, as has been pointed out above, the pattern of standard Lead III 
iu arterial hypertension with cardiac enlargement is often character- 
ized by a conspicuous upright T-wave. Consequently, the apical chest 
lead tracing', which is reallj* an axillary tracing, also presents an up- 
right T-wave. This ma.y lead to confusion if we attempt to evaluate 
such a tracing unconditionally in the light of criteria established for 
normal apical chest lead tracings. 


I II III Lp-F Ap-F 



Fig:. 2. — Standard L.'Cads I, II, HI, and chest leads. Left pectoral-Foot (Lp-F) 
and Apex- Foot (Ap-F). A and B represent cases of rheumatic aortic insufllciency 
with left heart enlargement. Ts is negative in both. C represents a case of rheumatic 
aortic insufflciency and mitral insufflciency witli a typical cor bovinum in a young 
man thirty-two, j’ears of age. Ta is upright. Systolic blood pressure is only moder- 
ately elevated in these cases. As in Fig. 1, here too, the Ap-F chest lead resembles 
standai’d Lead III in eacli case. 


Examples of such cases are presented in Pig. 1. Each case is repre- 
sented by standard Leads I, II, and III. a left pectoral chest lead^' 
and an apical chest lead. The standard leads are seen to confonn to 
the xRifterii described. The left pectoral chest lead conforms to cri- 
teria established for normals. The apical chest lead, on the other 
hand, shoAvs a large negatiA’e component in the QRS and a conspicu- 


*Exploring electrode situated midway between the sternum and midclavicular line. 
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ous upright T-wave. It resembles standard Lead 111. This is one of 
the chest lead patterns in arterial hypertension with cardiac enlarge- 
ment. 

In order to shoAv that tlie abnormal T-wave is probably due to tlie 
axillary application of tlie exploi-ing electrode necessitated by the 
displacement of the apex impulse as a result of cardiac enlargement, 
eases with left heart enlargement due to causes other than arterial 
hypertension were chosen for eompai-ison. These arc presented in 
Fig. 2. Graphs A and B each represent a case of rheumatic aortic insuf- 
ficiency with only a moderate systolic hjTpertension, not above 160 mm. 
in either case. In these the T-waves in Lead III of the standard elec- 
troeai’diogram are negative. Graph G represents a case of rheumatic 
aortic and mitral insufficiency with SJ^stolic pressure well within the 
upper limit of normal. In this ease, standard Lead III .shows an 
upright T-wave. Because of marked displacement of the left border 
of the heart, the apex chest lead in this group had to be taken udth the 
exploring 'electrode situated at or near the anterior axillary line. As 
seen in the figure, the ventricular complexes of the apex chest lead trac- 
ings resemble those of standard Lead III in each case. In graphs A 
and B, the ventricular complex .shows an inverted T-wave while in 
graph C the T-wave is upright. 

In clinical electrocardiography, e.specially in the busy laboratory, 
where daily reporting of tracings is a pre.ssing ta.sk, there is a tend- 
ency to lean on eardiograpliic patterns as a matter of convenience in 
routine reporting. Criteria for diagnosis are eagerly sought and are 
often employed without a knowledge of the clinical hi.stor 3 ' or phy.si- 
cal findings in the case, Bleetrocardiogr’aphic '‘evidences of myo- 
cardial damage'' are often reported on fiirdings less convincing than 
T-wave changes in chest lead tracings. Consequently, upright T-waves 
such as are seen in the apex chest lead in certain eases of arterial 
h 5 Trerten.sion with cardiac enlargement may naturally prompt a diag- 
nosis of myocardial infarction. It is realized that cases of hjTrerten- 
sive heart disease often have sclerosis of the coronary arteries and, 
at times, even myocardial infarction, but it must be emphasized that 
the upright T-war^e seen in the apex ehe.st lead in such eases moj/ 'not 
be taken as the criteriorr upon which to base the diagno.sis. 

In a previous publication^ it has been pointed out that in selecting 
the site of application of the exploring electrode in ehe.st leads, the 
apex, because of its elusiveness, is perhaps the least reliable site. 
In persons of middle age it is at times difficult to locate the apex heat 
with any degree of accuracy. We may novr add that the so-ealled 
apex lead in eases of arterial hj’perten.sion at times pelds a tracing 
of an actually deceptive pattern in that it includes an upright, abnor- 
mal T-wave which may lead to a faulty diagnosis. 

On the other hand, as the tracings in Figs, 1 and 2 .show in cases of 
arterial hypertension with cardiac enlargement, even of a degree 
sufficient to produce a distinctive pattern in the standard leads, the 
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left pectoral cliest lead tracing is not appreciably altered. This is of 
considerable importance. It is well known that in coronary occlusion 
of the anterior type, it is precisely this lead which shoAvs the most 
marked T-waA^e changes. Consequently, the left pectoral chest lead 
may be used for the purpose of a differential diagnosis in cases of 
left heart enlargement Avheu a mjmcardial infarction is suspected. 
Furthermore, as has been said, the electrocardiographic pattern of the 
apical chest lead in liypertensiA’^e heart disease is characterized by a 
QRS which has a large negatwe component. In cardiac infarction, 
on the other hand, due to thrombosis along the course of the anterior 
left descending coronary artery, the left pectoral chest lead tracing 
is generally characterized by a complete absence of the negatiA’e com- 
ponent. The contrast betAreen the patterns of the left pectoral and 
apex chest leads in arterial hj’-pertension AAdth cardiac enlargement is 
conspicuous. 

SU2MMART 

. An electrocardiograiDhic pattern of the apical chest lead tracing in 
certain eases of arterial hypertension with cardiac enlargement has 
been presented. The A^entricular complex in this tracing is charac- 
terized by a QRS AA^hich consists predominantly of a large negative 
component and bj^ an upright T-waA^e. The pattern is essentiall}^ a 
modified standard Lead III, and is due, apparently, to the axillary 
situation of the exploring electrode. 

Examples, of left heart enlargement in cases of rheumatic aortic 
insufficiencj^ some liaAdng negatiA'^e, others positiA'e, T-AvaA^es in stand- 
ard Lead III, are presented for comparison to show that in these 
eases too, the apical chest lead tracing resembles standai-d Lead III. 

The left pectoral chest lead tracing is not appreciably altered in 
these cases, and, therefore, stands out in marked contrast Avith the 
apical lead. This lead, therefore, may serve in problems of differen- 
tial diagnosis. In fact, the left pectoral lead is the chest lead of 
choice and the so-called apical lead should be avoided as a routine 
lead in eases of arterial hypertension with left heart enlargement. 
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COEONAEY AND EXTEACOEONAEY PACTOES IN 
HYPEETENSIVE IIEAET PAILUEE® 

Harry Gross, ]\r.D., akd Charles Spark, M.D. 

New York, N, Y, 

/^ONGESnVE heai’t failure is a eoiniuoii sequel of loug-standiug' 
hypertension. Various physiological and pathological factors, such 
as coronary sclerosis, myofibrosis cordis, strain and fatigue, have been 
assigned roles in heart failure of this type. The evidence that there 
is no histological equivalent for cardiac insufficiency or failui’C has 
been epitomized by Aschoff and Tawara.^ i\rore recently, since ana- 
tomical and physiological considerations have left the question open, 
attention has been paid to the role of metabolic disturbances in the 
causation of the failure of the hypertensive heart. In this study, the 
factors eoncenied in the failure of h 3 'pertensive hearts free of sig- 
nificant eoronaiy disease have been considered. As a control group, 
a series of 40 h.vperteusive eases with chronic congestive heart failure 
and vaiying degrees of ooronaiy artery disease have also been analyzed. 

jrATERIALS 

Congestive heart failure v'as considered to have been present when 
there was a hi.stoiy or signs of paroxysmal dj'spnea or pulmonaiy 
edema, or when there was fluid retention maiiifested hy hepatic or pul- 
monaiy eonge.stion and latent or visible edema. The material comprised 
21 eases of lypertension Avitli conge.stive heart failui'e and minimal 
coronaiy disease and no gi-oss mj'ocardial damage, 40 •^vith congestive 
heart failure and vaiying degrees of coronaiy disease, 8 hypertemsive 
cases with eoronarj’ disease and no congestive heart failure, and 8 
normal hearts. N'umerous cross-sections of the hearts were made 
along the longitudinal courses of the coronary arteries. Blocks of 
tissue wei’e taken from those areas which are frequent!}' the sites of 
cardiac infarction, namel}’-; (1) the junction of the upper and middle 
tliirds of the inteiwentrieiilar septum, (2) the interventricular septum 
at the apex, (3) the apical region of the light ventricle, (4) the apical 
region of the left ventricle, (5) the posten'or mitral region, and (6) 
the anterior papillaiy muscle of the left ventricle in some cases. 

Paraffin sections were stained with hematoxylin-eosin and Ver- 
hoeff-van Giesoiih mixture. Particular attention was paid to muscle 
fiber lypertrophy, to the presence or absence of increased or dilated 
sinusoids and to mj'ocardial fibrosis. Attention was also paid to the 
relationship of vascular lesions to mj'oeardial fibrosis. Since separa- 
tion of the branches of the coronaiy arterial tree hy muscle hyper- 

*From the Medical and Laborator>' DK'i.*;lon.s XIontefiore Hospital. 

IfiO 


161 


GROSS AKi) SPARK: HYPERTENSIVE HEART FAILURE 

trophy may pla.y a role in congestive heart failure by producing 
anoxemia, the number of arterioles per unit area of heart tissue ivas 
counted. A summary of these counts is reproduced in Table I. 

FINDINGS 

Pathological . — The coronary arteries of persons in the fourtli decade 
commonly show changes when these individuals have had neither his- 
tor 3 ^ nor signs of arteriosclerotic heart disease. Since we are dealing 
with cases at or bej'ond middle life and furthermore since hyperten- 
sion hastens the tempo of development of arteriosclerosis, there was 
in no case complete absence of degenerative coronary arteiy disease. 
In that sense, tliere is no hj^iertensiou without coronary arterio- 
sclerosis. 

T^vble I 

Arteriole Counts 


HEART weight IN GRAJIS 

XUitBER OP CASES 

1 

aver.\ge number of 
jUITEKIOLES per low 
POWER riELD 

(a%tsrage of 10 helps) 

200 to 300 

9 

3.14 

300 to 400 

5 

2.20 

400 to 300 

4 

1.42 

500 to 900 

10 

1.13 


Histology of Myocardial Hypertrophy . — Cardiac lyperti’oply, mac- 
roscopic and microscopic, is the finding common to practically all cases 
of chronic congestive heart failure. This hypertroply is due, according 
to Karsner, Saphii’, and Todd,^ solelj* to an increase in size of the in- 
dividual fibers, since there is no actual increase in their number. The 
enormous size attained by some of the lypertrophied fibers maj’ be 
seen bj’’ direct comparison with the normal fiber under the camera 
lucida, Fig. 1. The myofibrillae theniselves are thicker than normal. 
The outline of the hj’pertrophied muscle fiber is frecpiently irregular, 
due to infoldings of the surface. The normal shallow grooves or slits 
maj’" become so deepened that the enlarged fiber appears scalloped 
in cross-section. It is possible that this surface irregularity of the 
lypertrophied muscle fiber serves the pln^siological purpose of in- 
creasing the surface for greater diffusion of ox.ygen and metabolites. 
The presence of blood capillaries in the bottom of these grooves, 
■Fig. 1 C, would favor the view that this is an additional adaptive 
mechanism. . , 

The nuclei of the hypertrophied muscle fibers show profound changes. 
The nucleus of the normal muscle fiber shows spme degree of sm-face 
irregulaidty and both binueleated and multinucleated forms occa- 
sionally occur. The changes in the early phases of cardiac hvper- 
trophy are slight increases in the size of nuclei, squaring of their 
ends, and irregularities of contour. The nuclear changes in the hyper- 
trophied fiber, are merelj" an accentuation of the normal irregularity. 
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Tliej^ were observed as far back as 1889 by Tangl,^ though there has 
beeu no agreement as to their significance. As the nuclei increase in 
size progressively, they assume bizaime shapes, becoming elongated, 
square, C-shaped, or even totally irregular. On cross-section, this 
eliange is even more evident. All gradations from slight surface 
■wrinkling to extensive stellate branching are seen. There is a rough 



Fig. 1. — Camera lucida drawings of cross-sections of muscle fibers from the left 
ventricle, reproduced on the same scale. Magnification of approximately 40U 
diameters. 

A . — Normal heart. Weight 300 gm. 

J5. — ^Hj’Pertrophied heart. Weight 600 gm. 

O . — ^Hypertrophied heart. Weight 750 gm. 

Note the relationship between the capiliary bed and the cross-sectional area of 
myocardium. The liuge muscle fiber in Fig. 3 is not unu.sual in marked cardiac 
hj'pertrophy. 


direct relationship between fiber .size and nuclear irregularity, the 
largest fibers having the most bizarre nuclei. It seem.s to us that 
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these, nuclear alterations represent an attempt to increase the surface 
area of the nucleus in order to provide for a better interchange of 
metabolites. 

The chromatin content of the hypertrophied nucleus is usually in- 
creased, though at times it is diminished. Cohn'* has observed a de- 
crease in chromatin in cardiac h 3 ^pertroph 3 ^. 

Enlargement of the muscle fibers results also in a change in the 
nucleosarcoplasmic ratio. Collier" noted no change in nucleosarco- 
plasmic ratio in slight cardiac hypertrophj^ in dogs and rats. Pre- 
liminary quantitative measurements 'of this ratio in our material 
shoTred alterations due to a preponderance in volume of sarcoplasm 
in marked h 5 q)ertrophj% and inconstant variations in the ratio in 
slight to moderate cardiac hj’'pertrophy. 

A striking feature of the histological picture of the hj’pertrophied 
myocardium is the paucity of arterioles and small arteries per unit 
area of heart muscle. Counts were made in 28 cases. In normal and 
enlarged hearts, counts of these vessels showed that there was roughly 
an inverse relationship between the size of the heart and tlie number 
of arterioles and small arteries per unit area. 

Capillaiy counts were made by Wearn® who found an average of 
one capillary per muscle fiber in the normal heart. However, in the 
hypertrophied heart, the average per unit area is much less. The 
relationship between capillaiy bed and volume of m^mcardium sup- 
plied is graphicallj* illustrated in Pig. 1. Tiiis fact, noted by us in 
hypertrophied human hearts, was recentlj' confirmed experimentally 
bi^ Shipley et al.'^ 

There was no constant relationship between coronary arteriosclero- 
sis and mj’-ocardial fibrosis. Every case of cardiac hypertrophy 
showed some increase of connective tissue, even though it may have 
been extremelj^ slight. This increase in connective tissue was not 
directlj’’ dependent on coronaiy arteriosclerosis. In a control group 
of 8 hearts from patients of middle and advanced ages, there was an 
absence of even microscopic scarring in most instances. In almost 
all eases of cardiac lypertrophjq in wliich no scarring was evident 
microscopically^ some degree of myofibrosis was seen on microscopic 
examination. Frequently, the area of scarring was of the widtli of 
only^ several muscle fibers, and in a few instances, the areas were 
almost macroscopic. Varyuig proportions of elastic tissue were pres- 
ent in the sears. 

At least three types of histological changes were observed in the 
development of myocardial fibrosis. These were: (1) microscopic 
areas of coagulation mecrosis, constituting miniature acute infarcts, 
similar in all respects to gross cardiac infarction following major 
coronaiy occlusion. All stages of replacement fibrosis were noted. 
This change was preceded by an ingrowth of granulation tissue which 
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finally fiecamc poor in fibroblasts and capillaries. (2) A slower proc- 
ess of fiber dissolution, namely, fatty degenej-ation terminating in 
cell death. Jn areas of vaiying microscopic size, all gradations were 
noted from accumulation of vacuoles within the muscle fibers to re- 
placement by granulation tissue. Nuclear pyknosis and fragmenta- 
tion accompanied the advanced stages of fatty degeneration. In the 
tex’niinal phase, the muscle fiber consisted of a cell membrane, fat 
vacuoles and a fragmented pyknotie nucleus. Cell death was fol- 
lowed by invasion of macrophages, capillaries, and fibroblasts. The 
end stage of this process in the myocardium was replacement fibrosis. 
(3) The third type of change was seen in the very large hearts and 
consisted of a loss of myofibiallae with an insensible merging of con- 
nective tissue and muscle fibers. The i*esulting scars were as small 
as the width of single muscle fibers. 

The perivascular eonneelive tissue was increased in most instances 
of cardiac hypertrophj'. This alteration was independent of myo- 
cardial fibrosis and represented a thickening of the connective tissue 
framework of the heart. 

We observed an abundance of sinusoids in many instances of 
cardiac hypei'tvophy both with and without coronary artery disease. 
These were more conspicuous ixi the hypertrophied than in the normal 
heart. Thej^ arise hy a widening of pre-existing channels and consist 
of a single layer of endothelium. A gradual transition may be seen 
betAveen the sinusoids and the veins entering the epicardium. The 
sinusoids are numerous at the apical portion of the interventricular 
septum and the lower half of the left ventricle and are most numer- 
ous in the inner half of the myocardium where the}’" empty into the 
pockets of the trabeculae carneae. Hearts weighing from 400 to 500 
gm. had a slight increase of .sinusoids, while those weighing more 
than 500 gm. frequently had a marked increase of sinusoids. Only a 
few red blood cells are seen in the lumens of these vessels and in but 
a fexv instances have we obseived them to be exigorged with blood. 

Inconstant medial hypertrophy was noted in the .smaller arteries 
and arterioles. This appears to be a compensatoiy mechanism in 
hypertensive hearts. The myocardial branches rarely showed changes 
other than slight reduplication of the intemal elastic lamella, which, 
in addition, often showed splitting and in’egulaiity. 

SUMMARY OF CLINICOPATUOLOGICAL FINDINGS 

Twenty-one patients had, grossly, minimal coronarj’’ artery disease. 
Of these, 13 had minimal coronary artery disease, both macroseopically 
and microscopically. Four were males and 9 were females. The lieart 
weights varied between 420 and 880 gm., the average weight being 
661 gm. In only 6 of the 13 was congestive heart failure less than two 
3 'ears in duration. In the majority, the failure lasted up to ten 
years. No correlation, however, could be made between heart weight 
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and duration or severity of failure. Evidently, some factor besides 
neart iveigbt determines the onset of congestive heart failure. 

In the remaining 8 patients, the coronary arteries were soft and 
grossly showed minimal arteriosclerosis, but mieroseopicaHj^ there 
were stenosmg plaques of varying size. These cases comprised 5 males 
and 3 females. The heart weights varied between 520 and 1,050 gm., 
the average being 672 gm. Despite greater coronary disease, there 



Fig-. 2. — ^All sections from the left ventricle. 

A ,. — Heart veight 880 gm. X60. Shows thickening of the medial coat in a 
medium sized myocardial artery. , . , . . 

S. ^Heart weight 540 gm. X240. Marked coronary arteriosclerosis with occlusion 

of left circumflex artery. Several sinusoids ai-e shown. . „ , i 

O . — Heart weight 380 .gm. X240. Slight coronary arteriosclerosis. Several branch- 
ing sinusoids may be noted. . , 

n . — ^Heart weight GOO gm. X240. Minimal coronary arteriosclerosis. Four 

parallel sinusoids are shown. 

was no relationship, however, between the severity and duration of 
heart failure and heart weight. It is noteworthy in this group, despite 
slightly greater coronary atherosclerosis, tliat conge.stive heart failure 
lasted longer than in the group with minimal coronary disease. 
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The causes of death in the first group of 13 were cerebral accidents 
in five and cardiac failure in three. The remainder had uremia or 
bronchopneumonia, and one died of a surgical complication. The causes 
of death in the eight cases with partially occluding plaques in the 
coronary arteries were congestive heart failure in two, sudden death 
in one, and bronchopneumonia or surgical complications in the re- 
mainder. 

• As a control group, 40 patients with congestive heart failure and 
vaiying degrees of coronary arteriosclerosis or thrombosis and myo- 
cardial infarction were studied. Divided according to sex, there were 



Pvt-afion of Congestive failure 

Fig. 3. — Showing- duration of congestive heart failure in cases with and without 
major coronary arteriosclerosis. Table corrected for comparison of equal number of 
cases. Open spaces indicate number of cases cf major coronary disease Dotted 
boxes indicate number of cases of minimal coronary disease. Cross-hatched boxes 
indicate corrected number of cases of minimal coronary arteriosclerosis. 

21 males and 19 females. Though hj^pertension is more common in 
women, the combination of In^pertensive arteriosclerotic heart disease 
is usually severer and runs a shorter course in males. This was also 
the case iu our material. 

Cardiac hypertrophy was present in all hut one case and is to be 
attributed to e.ssential hypertension, since coronary disease alone does 
not cause cardiac hypertrophy. Of five cases of failure in Jiearts 
weighing less than 400 gm., failure was late in onset and was mild 
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in all. Two of these patients died in nremia which may have been a 
determining cause of water retention. The causes of death of the en- 
tire group are tabulated in Table II. 

Table II 

Causes of Death in 40 Cases op Congestive Heart Failure Associated 
With Severe Cokonarv Disease 


Bronchopneumonia 10 

Congestive heart failure 8 

(of these, one liad bronchopneumonia and 
another, terminal uremia) 

Uremia 6 

Cerebral 5 

Sudden unexplained 5 

Convulsions 2 

Postoperath’e cardiac failure 1 

Following an anginal seizure 1 

Following an acute coronary thrombosis 1 

Pulmonary edema 1 

Total 40 


In another control group of 8 patients with essential hypertension with 
moderate and, in some cases, severe coronaiy artery disease and vary- 
ing degrees of mj^eardial damage, congestive heart failure did not 
occur. The heart weights in all but two were 400 gm. or less. The 
heart weights of these two were 500 and 550 gm. In this group, there 
was also no correlation between myocardial scarring and vessel dam- 
age. The average heart weight of the cases of severe coronaiy disease 
with congestive heart failure was 554 gm., and is definitely lower than 
the average heart weight of cases with minimal coronary artery dis- 
ease. Evidently, in tlie presence of coronary arteriosclerosis, the hy- 
pertensive cardiac patient dies from congestive lieart failure and other 
causes often before the heart becomes massive. 

Progressive or sudden additional coronary narrowing is associated 
with an impairment of nutrition responsible for more or less acute 
congestive heart failure in many cases of cardiac hypertrophy and 
occurred six times. Reference to Pig. 3 shows strikingly that in pa- 
tients with severe coronary disease, the duration of failure was dis- 
tinctly shorter than in those ivith minimal coronary sclerosis. In only 
27.5 per cent of the cases yith severe coronaiy disease was the dura- 
tion of failure over two years. It is notewortly that of all the hearts 
in failure weighing 500 gm. or more, 61 per cent had minimal coronary 
artery disease, Pig. 4. In both groups of eases, however, there was 
no correlation in any individual case between heart weight and dui'a- 
tion of failure, nor was there a relation betw’-een muscle and vessel 
damage and failure. These facts point to the role of extraeoronarj' 
vascular factors in hypertensive heart failure. 
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DISCUSSION 

The prime purpose of this study was a survey of hypertensive heart 
failure in cases in which coronaiy arteriosclerosis was insignificant. 
The material with severe coronary disease served merely as controls. 
Nevertheless, no study of chronic congestive failure occurring in hy- 
pertension is complete without adequate consideration of the role of 
the coronary arteries. 

Lej'den® was among the first of modern clinicians to give a compre- 
hensive description of the clinical and pathological aspects of acute 
and chronic coronary artery disease. Lisal* found tliat with the excep- 



Heart we/gkf in grams 

Fig. 4 . — Showing: tabulation of cases of major and minimal coronary arteriosclero- 
sis against heart weight. This table indicates tiiat the cases with minimal coronary 
arteriosclerosis had greater heart weights. Of the Iiearts of both groups weighing 
50.0 gm. or more, G1 per cent had minimal coronary arteiy- disease. 

tion of very small scars, cliiefly in tlie left ventilcle and interventricu- 
lar septum, the myocardium presented no marked gross changes in 
cases of hypertension without major coronary artery disease. Bell 
and Clawson,^” in a study of 420 eases of e.ssential hypertension, noted 
myocardial insufiSciency in 187 instances and symptoms referable pri- 
marily to the coronary arteries in a group of 67 patients. Coronary 
selerosis was more common and more severe in tlie hypertensive cases 
than in those of nonlijiierteusive heart disease. It is striking that in 
the hearts weighing 400 gm. or less, myocardial insufficiency was un- 
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common, -wHle in those weighing 500 gm. or more, myocardial insuf- 
ficiency was frequent. The average heart weight of those showing 
myocardial insufficiency was highest in their entire series and de- 
cidedly higher than in the group with eoronar}' disease as the salient 
condition. 

Clawson^^ studied 139 eases of hj'pertension in a survey of 429 cases 
of cardiac failure. Of tliese 139 patients the causes of death were; 
in 78, cardiac failure; in 37, coronaiy sclerosis; in 16, cerebral arterio- 
sclerosis; and in 8, renal insufficiency. Among the 78 that died from 
congestive heart failure, there Avas no cellular proliferation or exuda- 
tion in the myocai’dium except in those Avith infarcts. ScAmre coronary 
sclero.sis was present in 15.5 per cent and seA^ere myocardial fibro.sis 
in only 2.5 per cent. Slight coronary sclerosis Avas present in 69 per 
cent and slight myocardial fibrosis Avas noted in 44.5 per cent. There 
AA’as no narroAA'ing of the coronary arteries in 15.5 per cent and no 
mA'oeardial fibrosis in 52.5 per cent of the eases. ClaAvson Avas of the 
belief that mj'ocardial fibrosis is of little importance in bringing about 
myocardial failure in hypertension, since myocardial fibro.sis is com- 
mon to patients Arith and Avithout hypertension. 

Christian,^- in discussing the problem of InqjertensiA’e heart disease, 
also noted that the hA-pertrophy of the heart Avas the striking feature 
of the cases in failure, AAdiereas many patients with symptomle.ss hy- 
pertension had little or no cardiac hypertrophy. He raised the ques- 
tion of the role of anoxemia in congesth'e heart failure, for he belieA’'ed 
that in cardiac hypertrophy the capillaries do not increase in number. 
Furthermore, AA’hen the capillaries become Avidely separated, there is 
a diminished supply of nutritiA-e materials and ox3'gen and improper 
removal of metabolites. This conjecture AAms obseiwed by us to be true. 

Arteriolar counts in our material rcA'ealed an inA'erse relationship 
betAA'een the number of arterioles and heart Aveight. It is apparent 
that Avith an increase in A\ddth of the muscle fibei-s, the A'cssels Avould 
be called upon to supply an increased A'olurae of myocardium in pro- 
portion to the degree of hA'pertrophy. The demand Avould be eA'en 
greater in the presence of major coronary artery disease. This separa- 
tion may also produce stretching of the A'essel Avails and a decrease 
in tortuosity Avhich may be related to the dj'namics of blood floAv. 

Averbuck,^'* after studying 40 cases, concluded that heart failui-e in 
hypertension Avas most commonly due to coronaiy sclerosis and throm- 
bosis. Xemet and Gross,^"* hoAVCA'cr, in studying 100 eases of arterio- 
sclerotic heart disease, found coronary A’essel and muscle damage as 
common in patients Avithout congestiA’e heart failure as in those Avith 
congestiA’e failure. 

Nathanson,^'" in a series of 113 cases of coronaiy artery’ disease, 
observed congestive heart failure in but 6.6 per cent of those Avith 
normal sized hearts, Avhile in the group AA-ith cardiac enlargement, con- 
gestive heart failure occurred in 63.2 per cent. It is striking that 
of the group in congestive heart failure, cardiac enlargement AA'as 



GROSS AND SPARK: HTPERTENSmS HEART FAILURE 171 

present in 93.4 per cent. It is evident that the distinguishing feature 
of our cases in failure as ivell as of those recorded in the literature 
is the presence of cardiac hj-pertrophy in those in failure and its 
infrequenee in those not in failure. 

Wiggers^*^ stated that the volume of flow through coronary artery 
collateral vessels deiiends upon the magnitude of iiressure differences. 
In slow occlusion, altered pressure gradients distend normallj^ useless 
channels. At; such times, the pressure gradients are favorable for the 
development of flow through coronary and extracoronary anastomoses. 
A flow from the ventricular cavity to the artery during systolic ejec- 
tion may develop) and a to-and-fro movement could occur during each 
heart cycle. ’ 

Since death in coronary disease does not usually occur after the first 
attack, both intracardiac and extracardiac collaterals may subse- 
quentty arise so that the circulation is actuall}' improved. So far as 
the circulation itself is concerned, some factor besides coronary dis- 
ease must be the cause of congestive heart failure, since, in the 
surviving heart, the blood supply is greater than at tlie time of 
thrombosis. 

The role of myocardial fibrosis in cardiac hypertrophy has occupied 
the ' attention of manj' pathologists. Moenckeberg’^'^ quoted Golden- 
bergis who observed . regularty in cardiac hypertrophy a spreading 
out of the eonueetive tissue septa between the individual muscle fibers. 
This replacement fibrosis was found to be a variable process, and was 
greater in some areas than in others. TangP denied that cardiac hy- 
pertrophy was associated with myocardial fibrosis. Dehio,^^ however, 
observed in hypertrophied hearts, a diffuse increase in connective tis- 
sue which he called myofibrosis cordis. The fibrosis was in proportion 
to the extent and duration of tlie hypertroph.y and failure. The degree 
of fibrosis was proportional to the dilatation of the heart chambers. 
It is, -furthermore, .noteworthy that Beil and Clawson,^® Levine,-'’ 
Lisa,® V, Levine,®^ and Plant and Kramer®® observed no correlation 
between vascular and, muscular lesions. 

Saphir®® et al cited cases of myocardial infarcts without complete 
coronarj’- obstruction and attributed infarction to temporary coronary 
ihsufficiencj’-' resulting' in lowered arterial pressure so that the in- 
fareted area temporarily is inadequatety supplied with blood. Plaut 
and Kramer®® mentioned anemia, collateral circulation, and other fac- 
tors bearing on this relationship and reported a case of myocardial 
infarction associated solely with arteriolosclerosis. Dehio^® felt then, 
as there is good reason to believe now, that a contributory cause to 
myofibrosis cordis is increased intracardiac diastolic blood pressure, 
due to cardiac dilatation, leading to capillary stasis and induration. 
In this manner,' on purely dynamic groimds, it is possible to explain 
both patchy myocardial fibrosis and the independence of myocardial 
fibrosis from coronary disease. The simill areas of fibrosis in the myo- 
cardium of hypertensive hearts appear to us to be concomitant uuth 
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or a by-product of the hypertrophied heart rather than a cause of 
heart failure. The danger of draAviug too close a cause-and-effect 
relationship, even in the presence of coronary arterioselero.sis, is 
apparent. 

It is well established that vascular .spasm may play a significant 
role in clinical medicine. Richer'''^ observed that vascular segments 
form autonomous units with the vascular response dependent upon 
the strength of the stimulus. According to him, .spasm may he fol- 
lowed by stasis and paral3^sis of a vascular segment. F. Lange^^ 
noted that weak stimuli produce vasodilatation and strong stimuli 
cause vasoconstriction. With veiy strong stimuli, constriction is fol- 
lowed by paralysis of the ve.ssel wall. Vascular necrosis may follow 
dilatation and .slowing of the circulation that has lasted for a long time. 
Lewis and Landis,-® u.sing ergot, made similar observations and pro- 
duced necrosis of the cock’s comb from circulatoiy .stasis. In the 
stages of stasis or thrombo.si.s, local arrest of the circulation and gan- 
grene of the comb developed. The implications of the concept of 
artex’ial spasm for clinical medicine are far reaching and important in 
explaining the disparitj' between morbid phj’^siologj^ and morbid anatomy 

If the concept of vascular .spasm is accepted, it is conceivable that 
an area of tissue supplied by a spastic vessel may undei’go necrobiosis 
of var3nng degrees depending upon the severity and duration of the 
vascular reaction. This theory would explain the frequene.y of myo- 
cardial fibrosis observed b,y Neubuergei’^" in epileptics in the absence 
of eoi'responding vascular damage. Likewise, vascular spasm is com- 
patible with the occuiTcnee of .sudden anginal seizures and the well- 
known eases of sudden death, in the absence of anatomical cause of 
death. 

V. Levine-^ atti’ibuted significance to the role of vascular .spasm 
since he could not find an organic basis for mj^cardial scarring in 
manj^ of his cases of lypertensive heart failure. Jaffe and Bross^® 
cite a ease of .sudden death, found at necrop.sy to have delicate coro- 
nary arteries and on histological exaTnination, an acute myocardial 
exudate. They believed death was due to a functional vascular 
distui-bance. 

It is the experience of manj" pathologists that there is a lack of 
exact eorx’elation between major eox’onarj' vessel disease and muscle 
damage. This di.sparity maj^ be explained by mechanical or functional 
con.sidex’atioxis. Cases have beeix I’ecorded, and we have ohserved in- 
stances, of sixxgle or of even double cox’onaxy artery thrombo.si.s with- 
out mjmeardial ixifax’ction. Furthermore, m^meardial infax'ctioxx with- 
out a corresponding coronary arterj’^ oeclu.sion has also been reported. 
Some extraeoronaxy, or even extraeai’diac factor or factors must play 
a role in the nuti’ition of the heart. Perhaps these factors also plsy 
a pax't in the aging of the heart aixd in providing nutrition to eountex’- 
act advancing coroxxar^^ arteriosclerosis. 
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Moritz, Hudson, and Orgain^® establislied the existence of extra- 
cardiac anastomoses through pericardial adhesions. Beck and Tieliy^” 
observed that coronary thrombosis was better tolerated if a previous 
collateral circulation had been prepared. Wearn^^’ and his co- 
workers reported the existence of communications, the thebesian ves- 
sels, between the coronary arteries and veins and the chambers of the 
heart and that as much as 90 per cent of the arterial blood may escape 
through the thebesian vessels. Leary and Wearn^^ reached this con- 
clusion from cases of occlusions of both coronary arteries without 
associated m 3 mcardial damage. 

Kretz^^ was of the belief that the thebesian vessels account for the 
dispro23ortion between morbid changes of the coronary arteries and 
cardiac function. He thought that despite marked coronarj^ damage 
the heart may be fullj^ capable of performing its work. In a case of 
tuberculous myocarditis with destruction of the large coronary arteries 
and veins, Bellet, Goulej*, and McMillan^^ found the thebesian vessels 
dilated and connecting the m.voeai'dium with the remaining intra- 
mural veins. Bohning, Joeliim, and Katz'*® believed the thebesian ves- 
sels maj'- nourish the heart in pathological conditions. The role of the 
thebesian vessels, however, was denied bj- Robertson®' who thought 
that vascular pericardial adhesions pla.v a role in the nourishment of 
the heart. Batson and Bellet®® were of the belief that reversal of flow 
in the coronarj'- veins is another factor in the nourishment of the heart. 
The efflcacj'' of this pathwaj^ was recently" denied bj’- 'W'iggers.'*^® 

In our material, an increase of sinusoids was observed in cardiac 
ly^pertrophj^ in some cases. In small hearts, despite corouaiy disease, 
however, thej'- were either not increased or when increased, this in- 
crease was never more than minimal. Numerical analj’sis of the 
sinusoids reveals no exact correlation with either duration or severity 
of congestive heart failure, cardiac ly’-pertroply’-, or coronaiy disease. 
This is as is to be expected since an increase in sinusoids is but one 
of several possible mechanisms bj'^ which the circulation to the heart 
itself is maintained. The striking feature is, however, the noteworth}' 
frequency with which this mechanism is brought into play in enlarged 
hearts. 

The existence of these additional vascular channels accounts for the 
lack of correspondence between vascular and mjmeardial damage. 
These pathways may explain, further, why, with similar muscle and 
vessel damage, some hearts go into congestive heart failure sooner 
than others and wly enormous hearts even with severe coronary dis- 
ease resist congestive heart failure a long time. It is thus easily 
understandable why the anatomical examination of a heart jnelds no 
insight into its plysiological actmty during life. 

Cardiac Sypcrtrophy . — It is a generallj’ accepted ph.ysiological maxim 
that when a muscle is required to do increased work, it undergoes 
hypertrophy. As a corollary, it may be said that if a muscle is found 
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to be hypertrophied, the conclusion is justifiable that it has performed 
increased wox’k. The human heart, by increase of its muscle mass, is 
also capable of doing more Avork. While the condition responsible for 
such increase in mass is a disease, muscle hypertrophy is merely a 
mechanical response to compensate for increased diastolic stretching. 
Cardiac hypertrophy similarly, in itself, is not a disease. In fact, the 
hypertrophied muscle is stronger than tlie ordinary to meet increased 
physiological demands. Failure of the mechanism responsible for 
cardiac hypertrophy, however, re.sults in a decrease of contractile 
poAA’^er. At such times, hypertrophy no longer occurs, despite the per- 
sistence of the cause responsible for hypertrophy. 

Dilatation of the heart muscle, as in any other muscle, is in itself 
also not a sinister process. In fact, temporarilA" inci’eased demands 
on the normal heart can only be met by increase in diastolic fiber 
length or fiber tension Avhieh is the phy.siological response to de- 
mand for increased work. Furthermore, without such increase in 
diastolic fiber length, its counterpart, cardiac hj'pertrophy, does not 
appear. When, hoAvever, for some unknown reason, dilatation ceases 
to produce the stimulus for hypertrophy and dilatation is progressh^e, 
the pernicious effects of dilatation alone are in evidence. At such 
times, increased fiber length is not associated AA'ith an increase in the 
height of the isometric muscle contraction ciuwe. It follows, there- 
fore, that dilatation, which is the means by Avhich the heart hj^pei’- 
trophies and does more Avork, is also the mechanism by Avhich cardiac 
insuffieiencj" ultimately develops. 

Cardiac enlargement is a cardinal featui’e in chronic congestiA'c heart 
failure of all tj-pes, and is not limited to the hypei’tensiA'e heart. 
Christian^- has suggested that the mechanism of cardiac hyperti'ophy 
and failure may be the same in patients Avith and AA’ithout A'alvular 
disease. In rheumatic heart disease, congestiA'e heart failure is A’^eiy 
frequently a.ssociated Avith aetiA-e earditi.s, as .shoAvn by Rothschild, Kugel, 
and Gross.'^*’ IIoAveA'er, in the ca.ses not shGAAdug actiA’e carditis, 
Ave haA'e noted the frequent incidence of marked cardiac hj’pertrophy. 
The insufficiency of the pulmonic circulation also has been shoAvn by 
F'ineberg and Wiggei-s'**’ to be dependent upon fatigue of the right 
A^entriele. 

In sj'philitic aortic insufficiency, too, congestiA’e heart failure occurs 
practical!}’ ahvaj's in massh’e heart.s. ClaAvson and BelF^ felt that in 
sjqxhilitic heart disease, the most conspicuous change in the mj'O- 
cardirun Avas liAqiertrophy, and that little attention need be paid to 
the gro.ss or microscopic changes. In these cases congestive heart 
failure is not related to the state of the coronary arteries since they 
ai’e often normal. Xari-oAA’ing of the ostia of the coronary arteries is 
quite common, though the heai-t in failure is most commonly hypei'- 
trophied. It is thus seen that, excluding the ca.ses in AA’hich congestiA-e 
failure is due to an inflammatory or toxic proce,s.s, the heart in failure 
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is, ill tile majority of instances, a hypertrophied heart. There is a 
common background for congestive lieart failure of all types. The 
hyiiertensive heart in hj’-pertrophy and failure appears to us to follow 
these common djuiamic laws. 

Increased diastolic length or tension is a significant, though not the 
sole, cause of cardiac h3’pertroph3L In severe anemia and in a con- 
siderable number of cases of essential h3’’pertension, in which chronic 
, increases of diastolic length ma3’ be assumed, h3’'pertroph3’' does not 
develop. In extensive myocardial infarction, greater diastolic fiber 
stretching ma3’' also occur from primaiy loss of contractility. Though 
this t3^pe of case on physiological grounds could conceivably lead to 
cardiac h3^ertroph3^, the production of increase in cardiac mass solely 
from coronaiy disease or m3’'oeardial infarction alone has not been 
substantiated clinically. Furthermore, despite primaiy loss of con- 
tractile poAver, congestive heart failure Js uncommon in small hearts. 
The factor preventing h3'pertrophy in the exceptionall3’' small heart 
in failure is unknown. Evidentl3^, an additional factor must be pres- 
ent to produce increased cardiac mass. However, in the vast majority 
of cases without cardiac h 3 q 3 ertroph 3 ', congestive heart failure does 
not appear. The clinical implication of this fact is that even in the 
jiresence of major coronaiy arteiy disease, the h3'pertensive heart 
which is not greatly enlarged frequentl3^ does not go into failure. 

, Anoxemia . — Starling and Visseher^- showed that the energy of con- 
traction of a fiber is proportional to diastolic fiber length. Heming- 
way and Pee'^^ observed a direct linear relationship between the 
diastolic volume and ox3’'gen consumption. Evans and Matsuoka'^^ 
.stated that with a constant output, the work of the heart is propor- 
tional to, and increases up to, a maximum arterial pressure be3mnd 
which the heart fails. However, with low oxygen content, Jarisch 
and ‘WastP" noted cardiac dilatation, proportional, according to Van 
Liere,^® to the degree of anoxemia. In other words, while oxygen 
consumption is proportional to diastolic length or dilatation, the 
dilated heart needs more oxygen to pump a given amount of blood. 

In experimental tachycardia produced by mechanical means, and 
from h3^perthyroidism, Menne, Jones, and Jones'*' observed a parallel- 
ism between the increased heart rate and the m3mcardial lesions. 
Buechner and von Lueadou^® demonstrated disseminated necroses in 
animals exercised after bleeding and in animals not bled but severely 
strained. Rosin'*** showed marked fatty infiltration of the myocardium 
from diminished oxygen concentration. In chronic severe anemia in 
which anoxemia may be assumed, tigering and fatty infiltration occur. 

HilP® demonstrated that the rate of diffusion of oxygen varies in- 
versely as the square of the distance to be traversed or, in other words, 
according to the thickness of the muscle fibers; HarrisoiV^ observed 
that the pulse rate of different animals varies roughly inversely us 
■ the thickness of the heart muscle fiber. However, in the lypertrophied 
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human heart, the pulse rate is not coiTespondingly slow. Since the 
mean head of pressure or ox3"gen tension in the capillary is the same, 
the part of the fiber near a eapillaiy will receive oxygen while the 
innennost part of the fiber will receive a diminished supply, Patter- 
son and Starling''^ showed that for a given minute volume, the ox3>-gen 
consumption was greater per beat, but less per minute at .slow than 
at fast pulse rates. It follows that when the fiber is thicker than 
normal, with diastole not prolonged and the pulse rate not propor- 
tionately diminished, some degree of anoxemia of the heart muscle 
must sooner or later develop. Evidently, hyperti’ophj’’, a eompensatox’y 
mechanism, has in it, if progre,s,sive, the danger of resulting, sooner 
or later, in cardiac fatigue. Further proof of this fact is that normal 
hearts go into failure from veiy rapid rates, whereas enlarged hearts 
go into failure much sooner from merely slightlj^ augmented heart 
rates. The appearance of congestive heart failure under these circum- 
stances is probably related to anoxemia. Furthermore, anoxemia 
would also account for the development of mj'ocardial fibrosis with 
and without coronary sclerosis without being dependent upon the 
lattei*. It is plausible that raj'ocardial fibrosis would be greater, how- 
ever, in massive hearts as well as in hearts Avith coronaiy disease. 

Additional factors . — It was shovui bj*^ Elias and Feller'’^ that a con- 
tractile mechanism is present in the liver veins Avhich bears directly 
upon the state of filling and the sti-oke volume of the heart. Indeed, 
the circulation in the hepatic veins may actuallj' come to a standstill 
from a dilated right auricle. This mechani.sm may be of great sig- 
nificance in maintaining the d.vnamics of eirculatoiy elficiency. It Avas 
also shown by Mautnei"’^ and his a.ssociates that the opening and 
closure of the liA’er veins Avas governed hy the Amgus and sympathetic 
nerves and by the interchange of fluid in the liver. The contraction 
of the diaphragm and the resulting effects on the intrathoracic and 
intra-abdominal pressure and the filling of the heart is another impor- 
tant dynamic factor in the circulation. 

Metal) olio factors . — ^It is impo.ssible to ansAA'er just when, and for that 
matter why, hypertroplij^ ceases to continue and the heart, despite the 
physiological .stimulus of dilatation, fails to undergo further hyper- 
trophy, The anatomical changes do not offer an adequate explanation 
of chronic congestiAm heart failure. The physiological facts merely 
indicate the dynamic conditions inA'olved in cardiac hj'pertroph}'. 
Consideration of the metabolic factors may therefore be of great value. 

>Seeeof et aF^ shoAved differences in creatine content of the right 
and left ventricles. CoAvan-''® demonstrated decreased creatine content 
in the hypertrophied heart muscle. This Avas more marked in cases 
showing congestive failure. A conspicuous increase in carbon dioxide 
and dextrose consumption during ventricular fibrillation as compared 
to the normally beating heart was shoAvn experimentally by Hooker 
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and Keliar.*" Following coronaiy occlusion in animals, the infarcted 
heart, according to Himwich, Goldfarb, and Nahum, loses appreciable 
glycogen, wliich appears in part as increased carbohydrate and lactic 
acid. Long and Evans,*’® studying rats suffering from induced tetany, 
demonstrated marked reduction of the glj^cogen content of both the 
heart and the gastrocnemius muscle. Following reduction of oxygen, 
the cardiac gij’cogen fell markedly. Low cardiac glycogen stood in 
close relationship to cardiac failure while anoxemic animals allowed 
to recover had marked rises of glycogen. 

Herrmann, Decherd, and Schwab®® confirmed the loss of creatine 
in heart failure and in experimental mj'ocarditis and, in addition, a 
loss of glycogen in the infarcted rabbit and dog heart. Clark, Eggle- 
ton, and Eggieton®^ showed that the hydrolysis of phosphagen is the 
immediate source of the energy of the contraction of the heart. Phos- 
phagen disappears faster from toi’toise auricular strips deprived of 
oxygen if the heart is beating rhythmically than if it is quiescent. 
The demonstration by Cowan®® of creatine diminution in cardiac hy- 
pertrophj* which was greater in congestive heart failure lends credence 
to this attitude, and recently Herrmann and associates®® have reported 
pho.splibcreatine disturbances in experimental congestive heart failure. 

Since impairment of function of any tissue is on final analysis due 
to impaired exchange of oxygen and metabolites, these factors are 
also, on such final analysis, the cause of failure and replacement 
fibrosis in the human heart. This view is acceptable if by it we under- 
stand that insufficient oxygenation and lack of metabolites in hyper- 
tensive hearts are no more due solely to coronary disease than the 
failure of rheumatic or emphj^sema hearts is due solely to coronary 
disease. 

On final analysis, it appears that the problem of myocardial failure 
in essential h3’'pertension must resolve itself into the disturbed rela- 
tionship between muscle fiber size and the volume of blood flow 
through the capillarj^ bed. 

Even in the presence of major coronary arteiy disease, the heart 
with fibers of normal thickness maj* be capable of a stroke volume of 
adequate contractility to maintain circulatoiy efficiency. Indeed, 
though these hearts show some diminution of cardiac reserve, chronic 
congestive heart failure occurs relatively uneommonl.y in the absence 
of additional factors, such as lypertension, tachj'cardia, toxemia, and 
anemia which maj* cause chronicallj^ increased diastolic length and 
tension. Failure occurs when lypertroply ceases to develop despite 
increasing diastolic length. Anoxemia, at such times, or metabolic 
factors are probablj' the determining factors of congestive heart failure. 

Coronaiy disease, per se, is rarely a sole cause of chronic congestive 
heart failure. In the presence of cardiac lypertrophy with minimal 
coronaiy arteriosclerosis, congestive heart failure does occur, even if 
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infrequently. The cases of failure with coronary disease show, in the 
overwhelming majority, varying but very considerable hypertrophy. 
In our material, the patients with severe eoronaiy disease and failure 
did not show hj’pertrophy as ma.ssive as those in which coronary dis- 
ease was minimal. Failure in those with severe coronary disease, 
when present, commonly did not exceed two years. The failure in 
many was more or less acute following sudden impairment of nutri- 
tion as bj*- an additional coronary occlusion. Under such circumstances, 
primary loss of contractility does not result in preponderant additional 
cardiac hypertrophy, and congestive heart failure supervenes. 

In the group -ndth minimal coronary disease, however, despite the 
larger .size of fiber, greater diastolic fiber length for a long time con- 
stitutes an adequate stimulus for additional cardiac hjjyertrophy. Ap- 
parently, an adequate vascular .supply keeps pace with the increasing 
muscle mass. This is shown by the fact that the hearts with minimal 
coronary disease lived longer in congestive heart failure and their 
heart weights were greater than those of the cases with major coronarj’- 
artery disease. Congestive heart failure in both types is, however, 
the end-result of the hypertrophied heart which is unable to undei’go 
further hypertrophy. The hypertrophied fiber may, however, for a 
long time, work at optimum efficiency despite diminished vascularity. 
In an enormous heart with the individual fiber greatly .stretched and 
thickened and the blood supply relatively and absolutely diminished, 
an additional impairment of nutrition such as a small vascular lesion, 
which in normal sized heart may produce no symptoms, may, in the 
massive heart, produce acute or terminal congestive heart failure. 

Anj^ factor interfering with the nutrition of the muscle fiber, be this 
primary as in an infection or toxemia, or secondar^’^ from anoxemia as 
in hypertrophj% severe coronary artejy disease, anemia, or tachy- 
cardia, ■will impair the contractility of the muscle fiber. Such loss of 
contractility may produce acute and chronic eonge.stive heart failure. 
In the disturbed metabolism of the individual muscle fiber, however, 
lies the ultimate cause of conge.stive heart failure. 

SUM3IARr 

1. Cardiac hypertrophy is the feature common to cases of congestive 
heart failure irrespective of the presence or absence of major coronary 
artery disea.se. The congestive heart failure associated %vith an inflam- 
matory or toxic cardiac lesion is an exception to this rule. 

2. In hjpertrophied heart muscle, the development of surface irregu- 
larities of the muscle fibei's and alterations in the nuclei appear to be 
a compensatory mechanism to increase the diffusing surfaces. 

3. A decrease in capillarj^ and arteriolar tree proportional to the 
volume of the muscle mans was ob-served. 
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4. Three tj^pes of muscle changes were observed in many eases ; 

a. Microscopic acute infarcts similar to those seen in major coronary 

occlusion. 

b. A slow process of fiber dissolution or fatty degeneration. 

c. Connective tissue replacement of m 3 'ofibrillae by an insensible merg- 

ing of the muscle fibers with connective tissue. 

5. Anatomical, functional, and mechanical factors appear to plaj’ a 
role in mjmeardial fibrosis. This fibrosis is not direetl.v dependent up- 
on coronaiy sclerosis even in the presence of marked coronary disease. 
However, mjmeardial fibrosis appears to be related to anoxemia from 
whatever cause. 

6. A collateral circulation, both intracardiac and extracardiac may 
plaj’- a role in preventing failure of the hj^pertrophied heart. Sinusoids 
were found to be increased in number and size in manj' hj'pertrophied 
hearts and under certain circumstances are probably intimatelj- asso- 
ciated with the nourishment of the heart. 

7. Congestive heart failure is due to coronaiy insufficienej^ onh' in 
the sense that impairment of nutrition and necrobiosis are, on final 
analj’^sis, a function of blood suppl.v in heart tissue as in anj’- other 
tissue. 

8. Congestive heart failure is the failure of the heart, which fails to 
undergo further hypertroplij*. Tlie cause of failure lies in some dis- 
turbance other than the anatomical, though cardiac li.ypertroply is 
the cardinal associated finding. Such hearts maj* be correlated with 
demonstrable metabolic disturbances Avhich appear to be the ultimate 
cause of failure. 

ILLUSTRATHT) CASES 

Case 1. — No. 24032. A man, sixty years of age, a known diabetic for fifteen 
years: with coldness and blueness of the feet for five years and anginal seizures of 
two years’ duration. Four months before admission, he developed an ulcer over 

• the left heel. Three months later, an ulcer appeared, on the posterior aspect of the 
left foot. Examination showed advanced peripheral arteriosclerosis, gangrene of the 
.left third toe, and an ulcer of the left heel. After two months in the hospital, he 
was discharged improved. However, after being home several days, an ulcer appeared 
in the lateral aspect of the right heel and another on the second right toe and lie was 
readmitted. Three Aveeks after his admission, he developed sliarp precordial pain and 
dyspnea at rest and several days later, pulmonary congestion and peripheral edema, 
and he died suddenly. 

Necropsy showed a heart weighing 510 gm., marked coronary arteriosclerosis, 
marked narrowing of the right coronary artery by a recent thrombus and severe 
stenosis of the left coronary, and partial occlusion of the anterior descending branch 
of the left coronary artery, fibrosis of the interventricular septum and apex of the 
left ventricle, and recent infarction of the posterior wall of the left ventricle. 
I^Iicroscopically, there was slight, but definite increase of sinusoids. 

This case illustrates the fact that despite severe coronary arterio- 
sclerosis and myocardial damage in a large heart, congestive heart 
failure may not , occur till the advent of an additional burden, such 

• as recent muscle or vesseT damage. 



'iSO the AMERICAN HEART :JOURNAE 

: Case 2.— No. 21286.. A man, seventy-three years of age, with a history of weak- 
ness of several years’ duration, dyspnea, and precordial pain of one year’s duration 
and paroxysmal nocturnal dyspnea of ten months’ duration. Examination showed 
minimal congestive heart failure with hepatic and pulmonary congestion and slight 
ankle edema four months before death. 

Neeropsy showed a heart weighing 380 gm. and no cardiac hypertrophy. The 
coronary arteries were pipestem with reduction of the lumens of the left circum- 
!flex branch, occlusion of the left anterior descending branch and narrowing of the 
right coronary artery. There was an infarct at the apex of the left ventricle and 
marked fibrosis of the interventricular septum and right ventricle. Microscopic ex- 
amination show'ed numerous sinusoids in the myocardium. 

This ease shows (1) the relatively uncommon development of con- 
gestive heart failure in the absence of cardiac hypertrophy, (2) the 
late and mild failure in a small heart despite extensive coronary dis- 
ease, (3) the role of the sinusoids in nourishing the heart itself, and 
(4) that coz'onary disease per se does not cause cardiac hypertrophy. 

Case 3. — ^No. 11358R. A female, sixty-two year.s of age, was observed at Montefiore 
Hospital over a period of three years, with a historj' of edema of the legs and ab- 
domen' of four years’ duration and progressive dyspnea on exertion, of three and 
one-half years’ duration. The blood pressure was 218 systolic and 128 diastolic. 
The liver edge was felt four fingers below the costal margin; cardiac asthma ap- 
peared. A left hemiplegia developed which in part improved. .She was admitted 
to the hospital nine times on account of myocardial insufficiency, headaches, epistaxis, 
nausea, and epigastric pain. .She developed acute appendicitis rivo days before 
death, and died of peritonitis. The signs of congestive heart failure ivcre minimal 
before death. 

At' necropsy, she was found to ha%’e generalized peritonitis. The heart weighed 
750 gm. The orifices of the coronary arteries were slightly encroached upon by 
atheromatous plaques. The coronaiy arteries were thin and soft. There was a mod- 
erate number of minute microscopic scars. The sinusoids sho^ved a moderate to 
marked increase. 

This ca.se indicate.s the long duration of congestive heart failure in 
a very large heart in the absence of major coronary artery di.sease. 
The microscopic .scar.s may be attributed to anoxemia. The numerous 
sinusoids may have played a role in nourishing the heart and prevent- 
ing additional cardiac insufBeiency. 

Case 4. — No. 21791. A male forty-three years of age, with hypertension, known 
one year, dyspnea and choking on exertion, of fourteen months’ duration, and multiple 
cerebral vascular insults. Death was due to a cerebral insult. There was no his- 
tory of congestive heart failure. 

Necropsy showed a heart weighing 550 gm., marked atheromatosis of the left 
anterior descending and tramsverse coronary arteries with marked reduction of the 
lumens, marked atheromatosis of the right coronary artery with an old occlusion 
and a fresh mural thrombus with partial occlusion, and a small scar in the posterior 
wall of the left ventricle. There were numerous microscopic scars and only slight 
increase of sinusoids. 

This case is indicative of the fact that despite severe coronary arterj’ 
-disease in a large heart, congestive heart failure need not appear even 
in the presence of a fresh mural tlirombus in the right eoronarj’ artery. 
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AURICULAR PAROXYS]\'LAL TACHYCARDIA (POSSIBLY 
NOMOTOPIC) WITH VARIABLE AURICULOVENTRICUT.AR 

CONDUCTION TIME 

Study of a Case of Exceptional Duration yuth Or.udual Slowing 

OF THE Heart Rate^ 

Rempson j \ Lii ) DOx , M.D. (Sydney), M.R.C.P. (London) 

Sydney, Austr.illi 

A URICULAR paroxysmal tachycardia, although a very frequent dis- 
order, presents feAv opportunities for cardiographic study, since 
many patients learn how to stop the seizures before distress or congestive 
changes appear. In an}* case, few attacks last sufficientlj' long to allow 
arrangements to be made for the taking of cardiographic records. Onlj' 
four such tracings were obtained in a series of 1,200 cardiograms taken 
in our department over a period of four years. Paul White^ has re- 
ported a series of 132 cases (82 females and 50 males) ; two-thirds 
showed no evidence of heart disease. He agrees, however, that the 
frequency of the condition is inaccurately represented in any statistical 
studies available at present. Lewis’" classical tracings illustrate the 
commencement and termination of short paroxysms or bursts of extra- 
systoles, analogous to those which appear before and after the attack. 

The abruptness with which the tachycardia begins and ends is gen- 
erally considered as a characteristic feature of the condition. Indeed, 
such a history is often the only means of differentiation from attacks 
of palpitation resulting from undue heart consciousness, not necessarily 
associated with great increase of the heart rate. When the patient is 
seen during an attack, suspicion of the presence of this U^pe of dis- 
order, or of auricular flutter, is aroused by a heart rate of 140 per 
minute or more, which fails to respond to rest in the recumbent pos- 
ture for an adequate period, and where constitutional disorders, such 
as hyperthjT.’oidism, toxemia, or anemia, can be definitely excluded. 
Cardiographically, a high degree of regularity is apparent, the auricular 
complex is distorted in form, but the ventricular component is usually 
unaltered. 

All opportunity recently presented itself ivhereby ive were enabled 
to study at leisure an attack of paroxA'smal tachycardia of supra- 
ventricular origin which departed from the classical description as 
regards the duration of the attack, and the regularity and mode of its 

•From the Department of ^Medicine, University of Sydney, and tlie Professorial 
Unit and Electrocardiographic Department, Royal Prince Alfred Hospital. 

Fart of the work undertaken during the tenure of the Marion Clare Reddall 
Scholarship, University of Sydney. 

, Much abridged hy Paul D. miite, Boston. For further details, consult the author. 
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termination, but which presented the usual features of the condition 
in respect of the cardiographie findings, the sudden mode of onset of 
the paroxysms, and the secondary effects upon the circulation. 

CASE REPORT 

The patient, V. L., a female, aged thirty-nine years, visited the hospital because 
of a smothered feeling on ivalcing at night, and sharp pain in the precordium and the 
left arm. She gave a histoiy of having been breathless for several days, and for three 
days she had been unable to lie down on this account. She stated further, that from 
time to time during this period there had been violent throbbing of the heart, at times 
so marked that she was unable to read the newspaper held before her. She always 
had a florid complexion although this had never been of a bluish hue until seven weeks 
previous. Her health had been remarkably good and free from any evidence of 
rheumatism. Her mother had died at sixty years of age from "heart trouble.” 

The flrst attack of the present nature had been experienced seventeen years before, 
when her eldest child was eighteen months old. Since then she had had many short 
attacks, the longest interval between them being five years. The space of two years 
had separated several others. In each instance she described the onset as being 
sudden but could not be as definite about the mode of cessation. Her weight had 
increased considerably during the twelve months prior to her present attack and she 
stated that she had been more short of breath since then. 

On examination, she weighed 1.55 pounds; presented a full round countenance 
with obvious purplish cyanosis of the cheeks and lips; this blueness was less marked 
in the case of the extremities. No edema was detected. She talked and carried 
on her usual activities without distress, but cyanosis deepened perceptibly as soon 
as she assumed the recumbent position. Movement of considerable amplitude could 
be observed in the cervical veins on each side, but there ivas no obvious venous 
distention elsewhere. >She had a few carious teeth. No other focal infection was 
detected. 

Examination of the precordium revealed a diffuse pulsation of large amplitude, 
maximal at a point in the anterior axillary line 15 centimeters from the midstemum 
at the level of the 4th intercostal space. No vibrations were palpable. The apical 
sounds were loud, completely irregular, sharp and slapping in quality, with relative 
emphasis on the second sound. At the base this exaggeration was less definite, and a 
soft systolic murmur was audible at the pulmonary' area, varying with respiration. 
No congestive features were apparent in the examination of the respiratory', renal, 
or abdominal systems. The liver edge was impalx^able. The patient was diagnosed 
as suffering from auricular fibrillation and recommended for admission. She was 
not anxious to leave her home, however, and continued to attend as an out-patient 
for seven weeks. On all occasions after the first visit, she presented a similar ap- 
pearance and was mildly distressed, but the pulse rate was now entirely regular, vary'- 
ing between 150 and 160, and the heart sounds had a tick-tack quality. Pulsus 
altemans was present and the blood pressure readings averaged, systolic, ISO; 
diastolic, 110 millimeters of mercury. 

After seven weeks’ attendance at the out-patient department, showing tachycardia 
at each visit, she consented to enter hospital for closer obsen-ation (Aug. 25, 1935). 
Symptoms and signs were as previously' noted. Observations were made on her blood 
to exclude an erythremia, with the following results: red blood celLs, 4,720,000 per 
cubic mfllimeter; hemoglobin, 14.4 gm. per cent, 90 per cent normal; mean 
corpuscular vol., 72 cubic microns; mean corpuscular hemoglobin, SO x lO-i® gm.; 
mean corpuscular hemoglobin concentration, 43 per cent; color index, 0.9; while 
cells 9,500 per cubic millimeter. 

Other Findings.— l/evcl of fasting blood sugar, 79 milligrams per cent; degree of 
arterial oxygen saturation (Haldane method), 59 per cent; CO, combining power 
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of venous blood, 51 vols.; basal metabolism rate, plus S per cent; Wassermann and 
Bdine tests, negative; temperature, normal except for one slight rise (to 100° F.) 
on the second, day of the hospital staj'. 

A radiogram of the skull vas normal. Attention was drawn to the unusual 
thickness of the cranial walls. A small degree of apical sepsis was present around 
two teeth. 

The record of the changes in the diameters of the heart (as shown in teleradio- 
gi’ams) indicated progressive shrinkage in the transverse diameter of the organ 
especially affecting the right side, coincident with slowing of the heart rate. The 
pulse rate was recorded hourly, and revealed a marked fall in frequency during 
the hours of sleep, but never reaching below 90, while the maximum rate recorded 
during the waking hours was 160. jtiter thirty-six days in bed the pulse rate liad 
fallen to 80, wliere it remained in spite of increasing exercise, until the discharge 
of the patient from the hospital. 



1 Tnitial tracin" A.11 leads shown. The -rv-ave bears a distinct resemblance 
II is completely obscured by a bifid, aberrant, P-wave. 


Eeexamined on various occasions subsequently, the heart rate was consistently 
below 100 .and the patient had ex-perienced no further symptoms. The extraction of 
infected teetli, and an operation upon a septic thumb have since proved to be 

stimuli inadequate to initiate a further paroxjsm. ^ 

Three montUs aftero-ard (Dee. 23, 1935) the patient teas sent for m the coarse 
of a routine follorr-up. She .arrived tvith a pulse rate of MS. She stated that she 
felt perfectly well. She had not been working hard, but had had a number of 
furuncles. No undue pulsation could be seen in the neck. The c.ard.OEram shoned 
siio-auricular tachycardia, in uhieh no D-wave inversion appeared. The P»l“ ^ 
quickly on right carotid sinus pressure but no effect followed shmulafon of the left 

carotid sinus. 

CARDIOGRAPHIC ANALYSIS 


In all some 30 cardiograms were obtained during a period of two 
months. The first curve, obtained on July 30, 1935 (Fig. 1), was 
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orjgiii3,lly intcrpi Gtcd rs showing nodfll tfl.chj’^CErdici witii the fluricultir 
complex notching the T-wave of tlie same QRS complex, and the R-P 
intenml measuring 0.30 sec. Dr. J. Crigliton Bramwell, who .saw this 
patient and tracing, agreed with a probable diagnosis of nodal tachy- 
cardia. Three da 3 ^s later, Avith tlie heart beating regularly at the same 
rate, i.e. 160, prolonged pressure was applied to the right carotid sinus. 
The presumed retrograde P-Avave, hereafter called P', Avas still visible 
(Pig. 2), but the curve as a Avhole aa^s so flattened as to render further 
characteristics indistinguishable. The effect of this sinus .stimulation 
AA'as to render the pulse slightly sloAver and Amrj'- irregular, Acith inter- 
mission of everj^ third beat, the aAmrage time inteinml betAAmen the 
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2. — Lead HI. Appeai'ance op right carotid sinu-s pressure, Xote regular 
appearance of bifld, aberrant, auricular conjplex, Avith single dropped beats at every 
tiiird cycle. 



Fig. 3. — Leads I and H. Forty-rtve minutes after intravenous injection of digoxin 
0.5 mg. Heart rate 120 per minute; conduction time progre-s.sively increased to 0.26 
second just before a single nii.ssed beat occurs. The aiiparent T-wave in Lead I is 
then seen to be really a part of the deformed bind auricular complex. 

coupled beats being 0.48 sec. The groups of coupled beats AA'ere sepa- 
rated by a time interval of 0.72 sec. from each otlier in a remarkably 
constant manner. 

The effect upon the cardiogram of intravenous injection of digoxin 
0.5 mg. Avas next obserAmd at interA'als of 5, 15, 30, 45, and 60 minutes 
and compared Avith a cardiogram done immediately beforehand in 
Avhieh the heart rate AA’as 150 per minute. PiA'e minutes after the ad- 
ministration no changes were obserA'able. Fifteen minutes later the 
pulse rate was 144 per minute. After thirty minutes the rate had de- 
creased to 120. The P-Avaves of the second lead Avere .still depressed. 
After forty-five minutes (Pig. 3) an interesting change had occurred; 
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tlie P' liad altered its form, tlie first upstroke being higher tlian the 
second instead of the reverse as previously, the curve almost resembling 
a simple. tachycardia. What at first had looked like a T-wave, how- 
ever, appeared, even after a missed ventricular complex and hence must 
be part of the auricular wave. The P-R interval had increased pro- 
gressivelj' from 0.2 to 0.28 sec. at which point a ventricular complex 
w'^as missing. -The resulting long pauses were of consistent ■ length 
throughout the cardiogram. One hour later a similar phenomenon was 
observable. P^ had a duration of 0.12 see., and like. Pg, was inverted. 

On Aug. 12, 1935, the patient, after half an hour’s rest in the 
recumbent position, had a regular pulse rate of 56 per minute, but 
cardiographic analysis showed a 3:1 block and a conduction time 
of 0.2 sec. (Pig. 4) . In this tracing it w^as possible to observe the exact 
character of the aberrant P-wave apart from any possible influence 



Fig. 4. — Lead I, witli patient recumbent on Aug. 12, 193 .t. showing pulse rate 
of 56 due to 3 :1 auriculoventrioular block. The cliaracters of tlie aberrant P-wave.s 
are here seen apart from any possible intei'ferencc with T-waves. The influence of 
the latter deflection is to render the second peak of the P-wave higher th.an the first. 
It is on such appearances that all possibilities of a nodal tachycardia can be refuted. 



Fig. 5. — ^Lead II. Following exercise. Rato 170. There is no shortening of con- 
duction time, so that the serrated auricular comple.x occurs immediately after tlie 
downstroke of the preceding S-wave. 


upon it of the T-wave of a preceding ventricular complex. Its bifid 
form Avas preseiwed, and finally demonstrated that the apparent notch- 
ing of T-Avaves Aidiich at first suggested nodal tachycardia, AA^as illusory, 
and Avas due simply to the first deflection of the deformed auricular 
complex. On exercise the pulse rate rose suddenly to 168 AA-hile the 
conduction time remained 0.2 to 0.22 sec. (Fig. 5). Carotid pressure 
AAUs then reapplied and the pulse became irregular Avith coupling. On 
release of the pressure the pulse again became regular AA*ith a 2 :1 block. 
The effect of .one gram of acetylcholine injected intravenously Avas 
studied at this juncture. The effect of this drug Avas to re.store the 
rhjdhm of the pulse to a rate of 156 per minute. 

With the patient sleeping under the influence of paraldehyde, and 
the pulse at 132, the conduction time aa'Rs consistent in all leads, meas- 
uring 0.16 sec. The T-Avaves Avere flat throughout the AAdiole of the 
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tracing. The ab.sence of any intermission of the QRS complex, and 
the' constancy and normal duration (0.16 sec.) of the conduction time 
are notewortliy features of these tracings taken during sleep. 

By Sept. 20, 1935, the pulse had reached 96 per minute and it 
was now possible to see the P-AvaAm separated by a distance of 
0.24 sec. from the preceding T-AvaAm (Pig. 6). The P-Avave still 
maintained its bifid character in Lead I; Avas diphasic in Lead II, and 
inA’^erted in Lead III. All S-T segments Averc depressed 1 to 2 mm. 
beloAA’’ the isoelectric Ica’-cI and marked left sided preponderance Avas 
present. Conduction time Avas ncAA"^ approximately 0.16 sec. Poorly 
marked T-AraAms Avere seen for the first time AAdiich AA’^ere upright in 
Leads I and II, Avhile no such aa^ra'cs Avere A'isible in Lead III. In sjnie 
of what may he termed the ceasation of the attack the abnormal fea- 
tures of the P-ivave in all leads were maintained. It is of interest that 



Pig. 6. — Leads I, II, and III soon after fall of pulse rate to normal. Obsen/e 
character of auricular complexes, still retaining somewhat the same form as during 
the paroxysm. Conduction time 0,2 second. 


attempts to aboli.sh the disturbance of rhjdhm in thi.s case by quinine, 
guinidine, digitalis, acetylcholine, adrenalin, and atropine Avere all 
equally fruitless. 

Discus.sroN 

This patient presents scA'cral departures from the classical descrip- 
tion and usual criteria of auricular paroxysmal tachycardia. Ba'ch the 
question of nomenclature may be disputed. The patient, hoAvcA'cr, has 
had repeated attacks of tachycardia of a paroxysmal nature. They are 
not A’entricular in type. At first the cardiogram aaus considered to 
represent a seizure of auriculoA-entricular nodal origin. The appear- 
ance of an aberrant P-AA-aAm in positions isolated from any ventricular 
deflections, and the absence of nodal extrasystoles immediately after 
the attack, throAV reasonable doubt upon a genesis of ectopic impulse in 
the auriculoventricular node itself or its immediate neighborhood. The 





-Showing- progressive slowing o£ tlie pulse rate which approaches normal 
during the period of sleep, due to partial aurlculoventrieular block. 
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clinical and pathological associations, and the prognosis, of tjqiical 
auricular and nodal tachycardia are so close, that from a pi’aetical view- 
point the distinction becomes confined to one of academic interest. 

The locus of new impulse formation is of importance in relation to 
therapy directed toward abolition of the attack by stimulation of the 
vagus. After study of a patient exhibiting two irritable areas in the 
auricle, one near the auriculoventricular node, Carr’ states that right 
carotid sinus stimulation wall exert a greater effect upon nodal than 
upon sino-aurieular rh.ythm. It is to be expected, how^ever, that a 
tachycardia ai’ising in or around the sino-aurieular node would be more 
susceptible to right vagal influence. In Carr’s patient, right carotid 
pressure caused ventricular standstill lasting 6.2 sec. In the present 
instance it was presumed that the new^ rhythm arose close to the normal 
pacemaker, as it wms readilj' altered by stimulation of the right carotid 
sinus (Pig. 2), the P-R interval wms equivalent to or even greater than 
normal, and the mode of termination, by lysis as it were, w^as of the 
nature u.sually represented by “nomotopic” tachycardia. The failure 
of vagal stimulation to dimini.sh the heart rate and reestablish normal 
rhythm is perhaps due to the low grade of ixTitability of the cardiac 
muscle at the site of impulse formation and to continued depression 
after the actual vagal stimulation has ceased. Our chief difficulty is to 
reconcile the curious character of the new auricular complex with im- 
pulse formation at the sino-aurieular node. One of the most constant 
criteria for a diagnosis of sino-auricuJar tachycardia is the preserva- 
tion by the auricular complex of its normal configuration, and it has 
been held as axiomatic that an auricular complex of altered form denotes 
a site of impulse formation remote from the sino-aurieular node, whether 
the arrhythmia is an extrasystole or a taehy.sj'stolc. An isolated ob- 
servation of Rothberger and Winterberg'* is of interest in this regard. 
Bj' .stimulation of the peripheral sjnnpathetic nerve supply to the heart 
on the left side, P-wave inversion appeared. In a heart rendered ir- 
ritable by barium chloride, an attack of heterotopic paroxysmal tachy- 
cardia follow'ed. It is a common experience, however, to observe, espe- 
cially in the third lead, a negative or diphasic P-wave, in an otherwise 
completely normal tracing, and from an individual who is otherndse 
cardiologieally sound. The particular alterations in the auricular com- 
plex in the patient under consideration, persisted long after the heart 
rate fell to under 100 per minute. Even w’eeks later, when the P-wave 
was again of the u.sual upright type, it was possible to detect a sugges- 
tion of its former deformity, especially in Lead HI. Considered from 
this point of ^dew, distortion of the auricular complex alone seems to 
be insufficient reason for excluding the presence of sino-aurieular 
tachycardia. Boden^ has described a patient in -whom attacks of tachy- 
cardia occurred -without any alteration whatever in the form of the 
P-umve or remainder of the emwe — ^the pulse simply rising periodically 
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from 44 to 170 per minute. Galli® believes that attacks of “neuro- 
genic’’ origin can arise in the normal pacemaker, and are more readily 
affected by vagal stimulation. 

. It is suggested that the patient under discussion in this jiaper suffers 
from a form of tachycardia in the genesis of which the extrinsic cardiac 
nerves take the major sliare. The reasons for this are that even during 
the height of the attack, emotion (such as on entering the liospital 
grounds), exercise, and sleep produced marked effects upon the rate 
and rhythm of the heart. Carotid sinus pressure failed to retard the 
auricular rate but produced a varying block. 

A search of the literature reveals very little reference to attacks of 
paroxjmnal taeh 3 *eardia which are cardiographicaUj’- heterotopie and 
3 ^et which have a gradual, rather than an abrupt, ending. ]\rarvin" has 
written an interesting account of a male arteriosclerotic patient whose 
first attack of ventricular taeln^eardia, with a rate of 174, subsided 
gradually over a period of eight daj's. The onset was sudden with op- 
pression and palpitation. The subsequent occurrence of fever and 
leueoc^'tosis and later of tjqiieal cardiographic changes of coronan* oc- 
clusion of the Tj type leave no doubt tiiat this was the precipitating 
factor in his patient. A second attack of tachj'cardia ended abruptly, 
but a third required quinidine. Our patient is therefore most uncom- 
mon in tliis particular. 

SUMMARY 

An attack of paroxj^smal tachj'cardia in a female adult is described, 
.which to our certain Icnowledge endured for sixt.v-nine days. The 
seizure was sudden in onset but gradual in decline. The cardiogram 
was typical of auricular paroxAmnal tach.vcardia, but an unusual char- 
acter of the auricular complex persisted for some time after the heart 
rate had returned to normal. This, togetlier with the fact that the 
rhjffhm showed partial response to rest, exercise, emotion, and sleep, 
suggests tliat the case is of an intermediaiy cliaracter between nomo- 
topic and heterotopic tachj-eardia. 

I wish to express nir thanks to niv technician. lUiss .Scott, and to Dr. Crigliton 
Bramwell and Professor C. G. Lanibie for their enconragenient. 


REFERENCES 

1. White, P. D.: Heart Disease, New York, 1931, The Macmillan Company, p. 641. 

2. Lewis, T. : The jMechanisni and Graphic Registration of the Heart Beat, London, 

1925, Shaw and Sons, p. 240 et seq. 

.3. Carr, F. B.: Auriculoventricnlar Nodal Paroxysmal Tachycardia and Auricular 
Flutter. Case Report, A>r. HeuVrt J. V: 6GS, 1932. 

4. Rothberger, C. J., and Winterberg, H.: Ueber die Beziehungen der Herznerven 

zur Form des E. K. G., Arch. f. d. gcs. Physiol. 135: 506. 

5. Boden, E.: IJeber den Einfluss der langen Herznerven auf die Form des Elektro- 

kardiogramms in einer Fall von Paroxvsmal Tachykardie. Deutsches Arch. f. 
klin. Med. 130: 249, 1919. 

6. Galli, G.: Sur les Mecanisme.s de Terminaison et de Debut des Aoces dans la 

Taclp’cardie Parox^'stique (Nomotope), Arch. d. mal. du coour 12: 289, 1919. 

7. Mar%-in, H. M.: Hniisual Exampde of Paroxj-smal Tachycardia With Gradual 

Slowing of the Rate, Heart 10: 279, 1923. 



PUBERTY AND PROGNOSIS IN RHBTOIATIC FEVER®! 


Marion Leonard, M.D. 

New Haven, Conn. 

* I ^HIS study is concerned with the relationship of age to susceptibility 
and resistance in rheumatic fevei*. It is based upon the study of 
a series of children who hare been followed through childhood and 
adolescence ; the age incidence of first and recurrent attacks of rheu- 
matic fever has been recorded with a %dew to determine whether or 
not there is a period of life at which the recurrences become less 
frequent. 

Primarily, rheumatic fever is not a disease of childhood per se if 
considered from the standpoint of the years of crippling morbidity 
which it may induce and the death rate. It is, however, a disease of 
childhood from the standpoint of the incidence of first attacks, for 
there is comsiderable evidence that, in urban populations at least, the 
majority of first attacks occur between the ages of five and twelve 
years.^'® Furthermore, although it is a disease which is suRject to 
recurrences, there is also some evidence that if a primarj" attack has 
been sustained during childhood, recurrent attacks are moi'C apt to 
arise during this period than later. Thus SwifU states that a condi- 
tion of resistance seems to develop about the age of puberty, WilHus® 
presents suggestive evidence that recurrent rheumatic infectious arc 
most frequent in the first decade of life and von Eickstedt® pointed 
out that reactivations occur le.ss often after puberty, Stroud^® has 
concluded that the primazy manifestations and reactivations of rheu- 
matic fever are more apt to occur between the ages of .six and ten, 
and in a prertous communication from this clinic^^ it was noted that 
after the age of seven years, reeurrenees decreased as age incz'eased. 
The most extensive study of this subject is that of Wilson, Lingg, and 
Croxford^ who, in a large series of cases, I’ecoi’d fewer obvious recur- 
rences after the ages of eleven or twelve years than before. The pres- 
ent study udll deal with this decline in I’ecun’ent attacks which seems 
to occur at or shortly before puberty. 

The clinical material available eon.sisted of a group of 500 patients 
who had sustained one or more known attacks of rheumatic fever. 
All of them had been admitted to the New Haven Ho.spital or Dispen- 
sary' at some time and most of them had been followed for .several 
y'ears in various cardiac clinics of the New Haven Di.spensaiy,? The 


•From the Department of Internal Medicine, Yale University School of Medicine, 
tThe expenses of this investigation have been partially defrayed by the Mllbank 


Memorial Fund. 

iWe are indebted to the Department of Pediatrics of the Yale University School 
of Sledicine and in particular to the members of the staff of the Pediatric Cardiac 
Clinic for assistance in this work and for the privilege of transcribing data from their 
records. 
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caliber of tbe material may differ from that described in iirevious 
similar studies in at least two respects ; (1) the acquisition of rheu- 
matic heart disease was not requisite for admission to the group, for 
manj^ of the patients had had one or more attacks of rheumatic fever 
without detectable evidence of carditis; and (2) the patients were 
originally drawn from various clinics of a general hospital and not 
merely from a pediatric clinic — in other words, the age distribution 
of the group was not artificial!}' weighted by a factor of selection on 
the basis of age. 

Major criteria used for the diagnosis of active rheumatic fever in 
this group included the following manifestations: S3’’denham’s chorea, 
characteristic types of polyarthritis, subcutaneous nodules, and active 
rheumatic heart disease. Other signs and symptoms of supplementary 
value in determining the activity of the disease have included : erythe- 
ma multiforme, frequent nosebleeds, otherwise unexplained fever and 
leucocytosis, and failure to gain Aveight. 

, It is Avell known that it is often difficult to determine accurately the 
age of onset of an attack of rheumatic fever. This is particulai’ly true 
AAdieii the initial signs consist of groAving pains or some of the supple- 
mentary diagnostic features mentioned aboA’^e. We Avere, hoAvever, 
aided by one fact in making this determination, namely, that many of 
these patients had attended the NeAV HaAmn Dispensary at intervals 
from the time of birth, and a more or less continuous record was avail- 
able to supplement the stoiy obtained at the time of an acute illness. 

A recurrence has been defined as a period of activity of the disease 
occurring after eight to ten months or more of freedom from symp- 
toms folloAAung a iDi’evious attack of rheumatic infection. For statisti- 
cal purposes, only one attack per year has been included because of 
the difficulty of determining when one short attack has ended and 
another has begun if they occur Avithin a period of a fcAv Aveeks or 
months. In the rare instances Aidien an attack lasted more than one 
year, the year of tlie onset only AAms included. 

The ages of thirteen to fifteen inclusive have been ciiosen as the 
age period of puberty, 

RESULTS 

The Age Incidence of First Attacks. — The ages at AAdiicii members of 
the group of 500 patients sustained their first attacks of rlieumatie 
feA^er and the ages at AA^hich lieart disease was first detected are sIioaa'u 
in Pig. 1 , Three hundred and fifty-eight [71 per cent] developed rheu- 
matic heart disease. This giAms a fair idea of the caliber of tlie clinical 
material linder observation AAuth respect to age and the general severity 
of indiAudual cases. It aauII be seen that, in accordance Avith the find- 
ings of other investigators, the highest incidence of initial attacks of 
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rfieumatic fever in this group lies betAveen the ages of five and eleven 
years. It Avill also be seen that there is a sharp drop both in the inci- 
dence of first attacks of rlieuinatic fcA'^er and also in the development 
of heart disease during the two or three years immediately preceding 
puberty. 

Age Incidence of Second and Third Aitacks. — One hundred of the 
patients haim been studied more carefully. The criteria for their selec- 
tion Avere; that the initial attack occurred before the thirteenth year 
of age; that there had been at least one x’ecuiTenee; that they had been 
foIloAved in the out-patient department or hospital for at least five 
years subsequent to the first attack; that thej^ had been folloAv^ed 
through the fourteenth year of life. Over 50 of these patients AV'ere 
followed for ten years subsequent to their initial infection. 



• 500 Firsf Affacks of Rheumatic Fever 

t • Rheumatic Heart Disease First Deiected—SSS Patients 

Fis-. J. 

In Pig. 2 the relationship of first, second, and third attacks of rheu- 
matic infection to the age of the patient is .shoAAm. As stated, all these 
patients had at least one recurrence; 60 of them had a second recur- 
rence. It is to be noted that the period of greatest frequency of first 
recurrences falls betAveen the ages of eight and thirteen years, and 
of second I’eeurrences betAveen nine and fourteen year's. It is also 
apparent that a fairly sharp drop in frequency occurs for both second 
and third attacks betAA'een the thirteenth and fifteenth years. 

Prom a studj' of these cuiwes it is not clear whether or not this .sharp 
decline in seeondai'y and tertiary attacks, AA'hieh occurs at about the 
age of fourteen years, is Avholly dependent upon the age distribution 
of first attacks, for it is knoAA'n that recurrences are more apt to fol- 
loAV shortly after a primary attack (i.e., AA'^ithin the first three to fiA’C 
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years'^) than later. An alternative explanation is tliat reg-ardless of 
the age of onset, this decline is an expres.sion of gradually increasing 
resistance to the disease. 

In an effort to secure further information relating to this question, 
the folloAving analysis was made. Three groups of patients, who had 



• 100 Firsf Attacks 

. — A 100 Second Attacks 
■ 60 Third Attacks 


Fig-. 2. 



, , 108 Cases ~ Onset 5~7 Years of Age 

65 Cases ~ Onset 8~D Years of Age 
, ,62 Cases ~ Onset ll~13 Years of Age 


Fig. 3. 

sustained their first attacks at different periods of childhood and who 
had been followed from five to thirteen yeai-s, were selected. The fiivst 
attack oecnrred between the ages of five and seven years in lOS pa- 
tients, between eight and fen years in 65 patients, and between eleven 
and thirteen years in 62 patients. In some cases a period of activity 
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EjQo\rledge of the mechanism of this decline in siLsceptibilitj is 
limited, but t'wo probable contributing factors have been noted and 
discussed. 

Begardless of the mechanisms at vrork, the loiowledge that improve- 
ment often occurs at puberty is of practical value in estimating the 
prognosis in rheumatic fever. 
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EFFECTS OF EPINEPHEINE ON THE HEAET^ 


GtEORGe SIilles, M.D., and Paul W. Smith, Ph.D. 

Chicago, III. 

E pinephrine, in its action upon the heart, has a reputedly 
anomalous effect. Direct olxservations by Ducrct,^ on survi\dng 
vessel strips, disclosed that dilatation resulted from the application of 
a 1:100,000 solution of epinephrine. This autlior observed no reversal 
of tlie effect and he observed that a load on the vessel strip aeeentuated^ 
the epinephrine effect. Increased alkalinity dimini.shed the re.sponse 
and increased acidity caused spontaneous dilatation. A temperature 
drop of one degree resulted in a decrease in the dilating effect of the 
epinephrine. This -work is confirmatory of previous work on isolated 
coronary vessel strips. 

Grolluutzer, Meier, and Krueger- on the basis of coronary flow ex- 
periments concluded that the sjunpathetics earr.y dilator fibers to the 
coronaries and that coronary dilatation follows the administration of 
epinephrine. 

Edisiecld and Flek® studied the coronary flow with a photohemo- 
tachometer. Epinephrine, they concluded, acts as a vasoconstrictor on 
the coronary bed but this effect is nullified by the increased aortic 
pressure. 

Anrep, Barsoum, and Talaat,^ using the direct flow method on the 
coronary vessels, uniformly obtained an increase in the blood flow fol- 
lowing the injection of epinephrine. 

Melville'^ makes the folloiving .summarizing statement; “. . . coro- 
nary dilatation which undoubtedly follows the administration of many 
of these substances (ephedrine, adrenaline, histamine, and the nitrites).” 
Tliis author presented further evidence of this effect by demonstrating 
that epinephrine and ephedrine are capable of aboli.shing the eoronarj*^ 
constriction induced by yiosterior pituitaiy extract.® 

The only direct obseiwation on the heart following the admini.stra- 
tion of epinephrine was reported by Hurvitz and Smith.'^ These au- 
thors, in the course of experiments designed to study the effect of 
vasodilators following ligation of the eoronarj’- artery, found that the 
cyanosis which characterized the infarcted area was eradicated by the 
administration of theophylline. The cyanosis returned at once follow- 
ing the injection of 2 e.e. of 1 :1,000 solution of epinephrine. 

Electrocardiographic clianges induced by epinephrine wei’c described 
by Kahn® as directional changes in the T-wave. Later authors® dc- 

•From the departments of Patholosy and Phy.^lologj-, Unlver/iity of Illinois, 
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scribed inversion of the QES, “W’’ fonn of the QKS and elevation of 
the S-T interval following the injection of 1 c.c. of a 1 :100,000 solution 
of epinephrine. Bartos and Biirstein^” observed inversion of the T-wave 
foUovdng the administration of 1 to 2 c.c. of a 1:100,000 solution of 
epinephrine, as well as following stimulation of the cerebral end of the 
cut vagus. Katz^^ induced precordial distress in two of six normal 
subjects following the administration of epinephrine. He precipitated 
moderate but ri^pical pain and di.strcss in two patients and a severe 
attack in a third case of knoiwi angina pectoris by the administration 
of this drug, sub.sternal and precordial pain in a case of luetic aortitis 
and distress in an '‘irritable heart’’ subjeri. The electrocardiographic 
changes observed following the administration of eiiineplirine were 
chiefl.y doivnward deviation of the S-T interval and diminislied ampli- 
tude of the T-wave. 

Petzetalds^- studied the effects of various sized doses of epinephrine in 
rabbits from the standpoint of the electrocardiographic changes in- 
duced. He noted .slowmg of rate following the administj’ation of small 
doses of epinephruie intravenously. Larger doses induced extrasystoles, 
in addition to the bradycardia. As the dose was further increased this 
latter effect became more pronounced until lethal doses of epineplirhie 
caused ff utter or fibrillation of both the auricles and ventricles and 
bundle-branch block of varying degrees. 

Stella^® proved that the bradycardia induced by epinephrine is due to 
the effect of the blood pressure rise on the carotid sinus mechanism. 

Anrep, Barsoxmi, and Talaart demonstrated a marked increase in the 
histamine production by the myocardium, following the administra- 
tion of epinephrine, independent of blood pressui-e, rate, or rlndlun 
effects. 

FfischP^ demonstrated an increase in the water content of the myo- 
cardium after the administration of epinephrine. 

Levy,^“ and 'Whitehead and Elliott,^® demonstrated the increased 
capacity of epinephi’ine to induce ventricular fibrillation in animals 
under chloroform anesthesia. 

Eosenblum, Halm, and Levine^" demonstrated an increased sensitivity 
of the heart to epinephrine after feeding thyroid extract. 

“Wiggers^® states that epinephrine causes acceleration of conduction 
in the ventricles. The same author^® states categorically that epineph- 
rine causes constriction of the coronaries. 

Angina pectoris, whether of spastic or sclerotic origin, is characterized 
from the electroeardiograiihie standpoint bj' either directional changes 
in the T-wave or deviation of the S-T interval from the isoelectric line, 
or both. These electrocardiographic changes are due to changes in the 
myocardium resulting in disturbances in the pathways of retreat.^'’ 

Similar changes have been brought about by anoxemia,- Greene and 
Gilberffi caused shortening of the P-R and E-T intervals and decreased 
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amplitude or directional changes in the T-wave in normal humans by 
marked anoxemia. Kountz and Gruber,^® and Kountz and Hammouda,*^ 
obtained similar results in experimental animals. Tigge^'^ described as 
the chai’aeteristie changes induced in the human by reduced oxygen 
content of the inspired air an increased pulse rate, shortening of the 
P-R and E-T intervals, increased height of the P-wave, and flattening 
to inversion of the T-wave. The.se changes disappeared at once when,, 
adequate oxygen was supplied. Katz, Ilambui’ger, and Schatz*^ car- 
ried out similar experiments "with the same results. They were’ also 
able to induce more pronounced changes in four out of six cases of 
angina. The latter observation has also been made by Dietrich and 
Schweigk.*® Pain was not a neces.sary accompaniment of the electro- 
cardiographic changes so induced. Creip®' observed directional changes 
in the T-wave and changes in level of the S-T interval during anaphy- 
lactic shock and postulated myocardial anoxemia as the cause. ' Anginal 
pain Lvith inversion of the T-wave and displacement of the S-T interval 
was noted in the absence of pathological changes in the coronary' ves- 
sels in a case of severe anemia by Elliot,^® 

EXl'ERIMENTS 

A series of experiments was designed to determine tlie mechanism of the ep- 
inephrine effects on tlie lieart as indicated by tlie changes induced in the electro- 
cardiogram. 

The general procedure included the comparative effect of injection of cpinexdirine 
into a sj'stcmic vein and a coronary arterj' as well as the effect of epinephrine be- 
fore and after vagotomy. 

Dogs were anesthetized with nembutal administered intraperitoneally. The 
coronary artery was expo.sed in the following manner for the intracoronary in- 
jection: 

A curved incision with the convexity toward the midline was made extending from 
a point about 1 cm. caudad to the apex beat to the level of the fourth rib. The 
pectoral muscles were divided between clamp.s, two or three rib.s were severed, and 
the pleural cavity opened. A re.spiratory pump connected with the trachea was 
started at this point. 

The pericardial sac was opened and tension on its edges served to lift the heart 
into the tleld. The epicardium overlying the anterior descending branch of the 
coronary arter 3 ' was grasped with mosquito forceps and divided, exposing the vcs.sel. 
Injections were made through a 20 gauge needle. The bleeding 'svhioh occurred 
•after the withdrawal of the needle was controlled bj- pressure applied for a few 
moments over the bleeding point. 

Electrocardiograms were made using Lead II, before, during, and at intervals 
after the injections. Control tracings were made after in.serting tlie needle and 
after injecting normal saline. In some of the experiments simultaneous carotid 
pulse tracings were made bj- means of a Hurthle manometer whose arm threw its 
shadow on the camera slit of the elcctrocardiogr.aph. The following dilutions of 
epinephrine were used: 1:2.50,000; 1:50,000; 1:25,000; 1:10,000 and 1:1,000, Eathcr 
wide variations in the degree of response were encountered in the individual animals. 
Qualitati\-cl 3 -, however, the changes were tiniform. An electrocardiogram from each 
group displa 3 'ing the characteristic, marked changes will be described in detail. 

Experiment IX, 1:250,000 solution of epinephrine (Eig. 1.). 
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Pi^. 1. — One cubic cenUmeter of 1:250.000 and 1:50,000 solution of epinephrine 
each injected into the saplienous vein and the coronarj- arterj*. Xote that pulse 
tracing- is inverted. 
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In the control tracing the PQR was normal, the S was rather deep, and the T, 
upright. A second tracing was made immediately after the chest was opened and 
the carotid incannulated. The T-wave had become isoelectric. There were no rar- 
iations in the pulse record. 

One cubic centimeter of 1:250,000 solution of epinephrine was injected into the 
saphenous rein during a period of seventeen seconds. The blood pressure began 
to rise twenty seconds after the completion of the injection. Three seconds later 
the T-wave became diphasic for several beats and then definitely inverted. The S-T 
interval became depressed, arising from an elevated take-off; the T again became 
diphasic but the S-T interval remained depressed during the succeeding one-half 
minute. The pulse curve heralded these changes by a gradual increase in diastolic 
and systolic pressures. After fifteen seconds, the diastolic pressure had returned 
to its original level and during the succeeding beats dropped below it. The systolic 
pressure, however, continued at the maximum level or only slightly below. The pri- 
mary oscillations of the injection phase became more prominent and more sharply 
separated. The rate increased from 120 to 140 during this period. The electro- 
cardiographic tracing continued to display a high T-wave with a depressed S-T during 
the succeeding .two minutes ; it then became diphasic and finally inverted. The pulse 
wave gradually returned to its original level and configuration. 

Ten minutes after the first injection 1 c.c. of 1:250,000 epinephrine solution was 
injected into the coronary artery over a period of sixteen seconds. Within a few 
beats after the injection was begun the blood pressure began to rise and simulta- 
neously the milliamperage of the already inverted T-wave began to increase and its 
take-off became elevated, both features becoming very' pronounced before the in- 
jection was completed. After the completion of the injection the T-wave became 
diphasic for a few beats and then upright from a depressed take-off. 

The pulse curve showed little change other than a moderate elevation in pressure. 
This returned to the original level fourteen seconds after the completion of the in- 
jection. At this point a series of three ventricular extrasystoles was recorded, fol- 
lowed by a notched E-wave and an inverted T. The T-wave then became upright. 
The pulse tracing displayed single small ejection waves corresponding to tlie ventricu- 
lar extrasystoles and a drop in the pressure level during this period. 

Seconds later the take-off of the T-wave became markedly' depressed. Five min- 
utes after the injection was completed the S-T interval rose to a point above the 
isoelectric line. This lasted for another minute when the T-wave again became 
depressed. 

A second injection of 1 c.c. of 1:250,000 epineifiirine was made into the coronary 
artery over a period of fourteen seconds. An elevated take-off to a deeply' inverted 
T-wave developed during the injection, gradually becoming less and less prom- 
inent during the subsequent four seconds, then three ventricular extrasystoles oc- 
curred followed by a series of waves characterized hy an elevated S-T convex to an 
inverted T. A single ventricular wave was interpolated into this group. Gradually 
the S-T segment dropped, the T remained inverted. The blood pressure rose during 
the injection, lifter its completion the pulse waves became less prominent and, 
corresponding to the fir-st ventricular extrasystoles, the blood pressure dropped 
sliarply, remaining at a low level for fourteen seconds when it again rose to a point 
slightly above its previous level. 

During the subsequent five minutes the S-T interval remained elevated, rising 
conve?dy' to an inverted T-wave. 

After another few minutes the S-T returned to the isoelectric line and the T 
became upright. 

One cubic centimeter of 1:50,000 epinephrine 'was injected into the saphenous 
vein over a period of fourteen seconds. Twenty'-three seconds after the completion 
of the injection the blood pressure began to rise and the amplitude of the T-wave 
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increased slightly for a few beats. The T-%rave then became diphasic for twelve 
seconds, then upright and its amplitude increased. The S-T interval was depressed 
and concave to an upright T. This gradually disappeared in the next four minutes 
leaving an upright T of low amplitude. 

One cubic centimeter of 1:50,000 epinephrine was injected into the coronary 
artery over a period of twenty-one seconds. Prior to the injection, T was inverted 
and of small amplitude. Its amplitude began to increase, the take-off began to rise 
and the S-T interval became convex during the period in which the injection was 
being made. Simultaneously with the first change in the T-wave the blood pressure 
rose slightly but returned to its original level before the injection had been com- 
pleted. The pulse curve began to change simultaneously with the rise in pressure 
and soon was characterized by a single clean-cut upthrust of the ejection phase fol- 
lowed by a series of small oscillations. Six seconds after the completion of the in- 
jection the pressure’ again began to rise and corresponding to this the amplitude of 
the T-wave became less. Forty seconds later the T-wave became diphasic, fol- 
lowed by a series of ventricular extras}’Stoles associated u-ith a drop in blood pressure. 
IVith their passage the blood pressure again rose. These changes were followed b}' 
an irregular series of beats with upright, inverted and diphasic T-waves and 
ventricular extrasystoles. This persisted for a minute when the tracings again 
became regular unth a small inverted T-wave. The blood pressure, after four min- 
utes, began to fall, reaching a level much lower than the original. 

One cubic centimeter of 1:10,000 epinephrine was injected into the saphenous 
vein over a period of 18 seconds. Twenty seconds after the completion of the in- 
jection the blood pressure began to rise and the prenously low amplitude T-wave 
increased, and the S-T interval became depressed and concave. T soon became 
diphasic. Forty-five seconds after the completion of the injection a series of ventricu- 
lar extrasystoles occurred followed by ventricular fibrillation. 

Experiment V. Control: Fate, 1’78; P, 0.3 mv.; T, upright; 0.2 mv. 

One cubic centimeter of 1:25,000 epinephrine was injected into the .saphenous 
vein over a period of faventy-three seconds. Five seconds after the injection had 
begun T and P began to approach each other so the T-P inteival became “V'' 
shaped with the apex above the isoelectric line. Tliis became more pronoxinced so 
that nine seconds after the injection was begun T and P formed an “M’’ shaped 
curve. The voltage of the T-wave gradually diminished and it became diphasic 
with its initial deflection downward. The rate had increased to 210. This curve 
persisted for about a minute. Two and one-half minutes after the injection had 
been completed the T had become upright again and two minutes later the curve 
had returned to its original configuration. 

One cubic centimeter of 1:10,000 epinephrine was now injected into the saphenous 
vein during a period of six seconds. The resulting changes in the cunu were 
similar to those described above but quantitatively more marked. These changes 
persisted several minutes longer than after the first injection. 

Experiment VI. Control: Bate, 170 (Fig. 2). 

Configuration normal. Isolation of the coronaiy artery and insertion of the needle 
caused a slight increase in voltage of T and P and the rate increased to 176. 

One cubic centimeter of 1:25,000 epinephrine solution was injected into the 
anterior descending branch of the left coronary artery over a period of fifteen 
seconds. I7ine seconds after the injection was begun notching of the E-wave 
developed and the voltage of the T-wave began to increase. The T-wave became 
irregular in that its outline varied and the level of the S-T interral varied. This 
type of curve persisted for thirty seconds and then gradually returned to normal 
one minute after the completion of the injection. During another minute occasional 
“W"’ shaped E-waves occurred. The maximum rate was 175. 



204 


THE AlIERICAH HEART JOURNAL 


Coatrol: Upriglit, T; normal configuration; Eate, 93, 

One cubic centimeter of 1:10,000 solution of epinephrine mas injected into the 
saphenous vein over a period of 19 seconds during mhich time the blood pressure and 
cardiographic curves remained unchanged. Eight and tmo-tenths seconds after com- 
pleting the injection three ventricular extrasystoles occurred during v/hich the pulse 
pressure mas diminished. Tmenty-thrce seconds after the completion of tlie in- 
jection the T-mave became diphasic and two beats later definitely became inverted 
and the S-T interval depressed. Corresponding to the first changes in the T-mavc 
the systolic, diastolic, and pulse pressures rose. This phase lasted five seconds. 
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Fig’. 2. — One cubic centimeter of 1:25,000 epinephrine solution injected Into the 
saphenous vein and the coronary artei-j-. 


During the succeeding seven seconds the systolic and diastolic pre.s.sure.? con- 
tinued to ri.se but the pulse pre.ssurc diminished. The electrocardiogram continued 
to display an inverted T and depres.sion of the S-T interval. There then occurred 
a scries of ventricular contractions characterized by a prominent QES and a deeply 
inverted T-wave lasting six and onc-half seconds during which time only one auricular 
contraction mas recorded. Except for a beat corre.sponding to the auricular con- 
traction the carotid pulse curve failed to shorn a pulse wave, and, except for a small 
ri.“e soon after the onset of the ventricular complex, the blood pre.-sure dropped. 
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The rate novr became somewhat slower, and, corresponding to the return of the 
P-wave, pulse waves were again recorded. The T-waves remained inverted and 
of varying but usually high voltage. P-waves came through at irregular inter- 
vals. The systolic, diastolic, and pulse pressures increased and the rate dropped to 
55, A pause, lasting two seconds, was followed by. a complete cycle with a diphasic 
P-wave. The pulse curve was variable but was maintained with an increased 
systolic, diastolic and pulse pressure. 

After an interval of several minutes the pulse curve had returned to the original 
level. 

One-half cubic centimeter of 1:10,000 solution of epineplirine was injected into the 
coronary artery. Three seconds after the completion of the injection a ventricular 
extrasystole occurred associated with a drop in blood pressure. This wave did not 
come through on the pulse curve. The succeeding beats could not be interpreted 
in the cardiograph because of the extrinsic interference until twenty-five and one- 
half seconds after the injection had been completed when the T-wave became 
diphasic, then inverted for a few beats, and again diphasic. This curve persisted 
for several minutes. The pulse curve remained unchanged throughout. 

Exp. XI I cc 1-2.5.000 epin- ^ 

ephrine injected 

into saphenous vein « 

5min. O-ftcr 1-2.5,000 

IflL 

Fig-. 3. — One cubic centimeter of 1 :25,000 solution of epinephrine injected into the 
saphenous vein before and after vagotomy. 

Experiment VIII. Control: Bate, 170; T, upright; configuration normal. 

One cubic centimeter of 1:1,000 epinephrine solution was injected into the 
saphenous vein during a period of six seconds. At the completion of the injection 
the rate increased to 200 for several beats and the T-wave became isoelectric. The 
rate then slowed and the T became upright and of increasing voltage. The P-E inter- 
val varied from 0.08 second to 0,40 second and R became notched. The rate then 
stabilized at 75. At this time the T-wave was of high voltage and the P-wave was 
absent. This continued for one minute. The rate then rose rapidly, the QRS became 
inverted and the upright T increased in voltage to over 1 mv. and no T-vraves were 
recorded. The rate stabilized for a minute at 2.35 to 260. Four minutes after the 
completion of the injection the rate was 270, the QRS was inverted, the S-T interval 
elevated, , T upright and of moderate voltage, and no P-wave was apparent. A 
minute later R- was again upright, S-T elevated, and T of low voltage. During the 
succeeding three minutes T again increased and R diminished in voltage. At the end 
of this period a series of bizarre ventricular waves was recorded, followed by an- 
other series of ventricular complexes lasting about forty-five seconds and charac- 
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terized by inversion of QRS and a high voltage upright T-wave. These gave way 
to a series having an upright E of ratlicr low voltage and an upright T. Gradually 
the rate slowed to 157, and the P-wave reappeared. E was still of low voltage and 
S-T was elevated. Ten minutes after the injection the rate was 140, P present, 
E of low voltage, and S-T slightly elevated. 

Experiment XL Control: Eate, 103; P, 0.4 mv.; Q, obscure; E-Q mv.; S, deep; 
S-T, depressed 0.05 mv.; T, 4.5 mv. (Fig. 3). 

One cubic centimeter of 1:50,000 solution of epinephrine was injected into the 
saphenous vein over a period of seventeen seconds. During the last seconds of in- 
jection the blood pressure began to rise but shifting of the string prevented any 
accurate judgment of the electrocardiogram. Five seconds after the injection S-T was 
isoelectric and T was 5 mv. The rate was 93. The T-wave w-as still at 5 mv. at 
the end of fifteen minutes and the S-T interval had returned to a level slightly 
below the isoelectric line when 1 c.c. of 1:2.5,000 epinephrine was injected into the 
saphenous vein over a period of sixteen seconds. Six seconds after the completion 
of the injection the blood pressure began to rise. Ten seconds later the S-T interval 
became definitely depressed. Save for a few long beats the rate remained unchanged. 
The T-wave decreased to 0.3 mv. 

Four minutes later the curve had entirely recovered its original configuration. 

The vagi were cut and 1 c.c. of 1:2.5,000 epinephrine was injected into the 
saphenous \’ein. Due to technical ditficulties only a short electrocardiogram was 
obtained several seconds later. TJiis showed the S-T intciwal to be elevated and 
concave to an upright T. Tiie S-T was isoelectric for several minutes but the 
T was the shape of a broadened and flattened "M." 

One cubic centimeter of 1:25,000 epinephrine was injected into the saphenous 
%'ein over a period of twelve seconds. The blood pressure began to rise’ thirteen 
seconds after the completion of the injection and during the succeeding ten seconds 
the voltage of the T-wave diminished and twenty-five seconds after the injection the 
preriously broad, flat form of the T-wave disappeared leaving the usual ty-pe of 

wave. The S-T interval became deprc.ssed during this period. Ten seconds later 
the T-wave became diphasic, then inverted, then diphasic again, and finally up- 
right, during a period of thirteen seconds. During the succeeding forty-six sec- 
onds the voltage of the T-wave diminished and the blood pressure reached its 
maximum as did the pulse pressure. At the end of this period the T-^vave wa.s 
isoelectric. This persisted for a few beats when a verj' small inverted T-wave 
could be discerned becoming more prominent, and gradually becoming upright with 
an elevated S-T interval. Fifteen minutes after the injection the T--wave had re- 
sumed its broad, flat “il” form. 

Experiment X. Control: Eate, 203; P, 0.5 mv. 0.04 second; P-Q, 0.04 .second; 
Q, inconspicuous; E, 0.7 mv. 0.02 .second; S, prominent 0.3 mv.; S-T, isoelectric 0.04 
second; T, upright 0.5 m%% 0.00 second (Fig. 4). 

Pulse wave — pressure constant. One cubic centimeter of 1:50,000 solution epineph- 
rine was injected into the saphenous vein over a period of thirteen seconds, No 
change followed this injection. 

One cubic centimeter of 1:2.5,000 solution epinephrine was injected into the 
.^aphenous ■vein over a period of thirty .seconds. The diastolic pressure rose slightly 
at the completion of the injection as did the .systolic. The T-wave became diphasic 
three seconds after completion of the injection and inverted G beats later. Tlie 
blood pressure began to rise three seconds after the T-wave became diphasic. The 
T-wave remained inverted for twenty-two seconds when it becfime diphasic for 
four and one-half seconds. During this period the blood pres.surc had reached and 
maintained a verj- high level. The T-wave turned upright with a sharp apex. Its 
voltage gradually increased corresponding to a slight drop in the blood pressure, 
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reaching a maximum of 0.7 mv. in contrast to the preinjection level of 0.4 mv. The 
increased voltage of the T-wave persisted during the succeeding five minutes. The 
pulse rate decreased from a preinjection rate of 225 to 214, six seconds after the in- 
jection had been completed. During the succeeding ten minutes the T-wave remained 
somewhat elevated and the T-P interval took on an ''Jf” form. 

A second injection of 1 c.c. of 1:25,000 epinephrine into the saphenous vein over 
a period of fifteen seconds resulted in a transient diphasic T coming on five seconds 
after the completion of the injection corresponding to the beginning of the blood 
pressure rise. The diphasic T was replaced after two seconds by a depressed S-T 
interval. Simultaneously the voltage of the T-wave began to iucrcase reaching a 
maximum of 0.7 mv. During the succeeding ten minutes the preinjeetion con- 
figuration of the blood pressure curve returned. 

The vagi were cut mthout altering tlie configuration. The rate rose from 220 
to 235. One cubic centimeter of 1 :25,000 epinephrine was injected into the saphenous 
vein over a period of seventeen seconds. The blood pressure began to rise shortly 
before the end pf the injection. Three seconds after tlie injection was completed 
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Pig, 4 . — One cubic centimeter of 1:25,000 solution of epinephrine injected into the 
saplienous vein before and after vasrotomy. 


the T-wave became diphasic, remaining so for nine seconds when the S-T interval 
■ became depressed and the height of the T-wave began to increase. T-P took on an 
form at tliis time. The configuration was gradually modified during the 
succeeding ten seconds until the T-wave reached a maximum of 0.7 mv,, the S-T in- 
terval remained depressed and the T-P interval returned to tlie isoelectric line. The 
rate rose to' 253. 

Experiment XU. Control: Pate, 140; P, 4.5 mv.: Q, inconspicuous; B, 1,5 mv.: 
T, inverted. 

One cubic centimeter of 1:50,000 epineplirine was injected into the saphenous 
vein. . Eleven seconds after the beginning of the injection the form of the pulse 
wave developed a sharp, short ejection phase, and a drop in the pulse pressure and 
the systolic and diastolic blood pressures occurred. Corresponding to tliis the T- 
and P-waves became isoelectric, the latter reappearing after a few heats. The 
T-wave reappeared diphasic and then became upright corresponding to a rising 
diastolic, systolic, and pulse pressure. Witli the reappearance of the P-wave the 
pulse curve changed and tlie ejection phase became broader. After another fifteen 
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seconds the T-wave again became diphasic and then over another fifteen-second 
period inverted with an increasing voltage. Nine minutes after the injection the 
curve had returned to the configuration seen in the control. 

Cutting the vagi resulted in a momentary pause but no subsequent change in the 
curves. 

Strong vagal stimulation for 5.5 seconds stopped the heart momentarily. This 
was followed by a few slow beats with a marhed increase in the voltage of the 
inverted T-wave. Mild vagal stimulation caused a marhed decrease in the pulse 
waves and blood pressure but no change in the electrocardiogram. 

One cubic centimeter of 1 ;50,000 epinephrine solution was injected into the 
saphenous %’ein over a period of nine seconds. The blood pressure rose slightly 
twenty-four seconds after the completion of the injection and, corresponding to 
this change, the S-T interval rose slightly and the voltage of the normally inverted 
T-wave diminished. Ten seconds after its initial rise the blood prc.ssure dropped 
and the T-wave became diphasic for 8 beats, then upright for a few beats, again 
diphasic, inverted, diphasic, upright, isoelectric, and finally inverted. 

After fifteen minutes 1 c.c. of 1:1,000 epinephrine solution was injected into 
the saphenous vein over a period of eight seconds. The T-wave became isoelectric 
five seconds after the completion of the injection corresponding to the beginning 
of the rise in blood pressure. At the same time the P-wave became markedly re- 
duced in amplitude. The T-wave soon became inverted but the rate having in- 
creased to 200 the T and P were run together. The S-T interval rose and became 
convex to an inverted T and finally ventricular fibrillation set in. 

DI.SCUSSION 

The intravenou.s injection of a .solution of epinephrine cavses changes 
in the electrocardiographic tracing closely simulating those encountered 
in angina pectoris in which condition the myocardium but not the con- 
duction mechanism is involved. There is a wide variation in individual 
susceptibility to the drug botli in human .subjects and in experimental 
animals. The minimal effect is a reduction in the amplitude of the 
T-wave. This is closely followed by the appearance of the diphasic 
foim. Next, directional changes in the T-wave, i.e., a previously up- 
right T becomes inverted or vice vensa, or a marked increase in the 
voltage of the T-wave appears. Deviation of the S-T interval from 
the isoelectric line is often associated with these pronounced changes 
in the T-wave. Finally venti’icular extrasystoles and, with very large 
doses of epinephrine, venti-icular fibrillation set in. With very large 
doses of epinephrine transient conduction interference may occur. 

These changes were induced vvith much greater regularity and as 
would be expected, by much smaller doses when the drug was injected 
into the coronary artery tlian when the injection was made into 
the saplienous vein. When given by the coronary' route even small 
doses of epinephrine caused transient notching of the B-wave in some 
instances. 

In eveiy tracing in which both were recorded the blood pre.s,sure rise 
occurred simultaneously with or immediately preceded the mo.st minute 
changes in tlie electrocai-diographic tracing. 
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Division of the vagi served to increase the epinephrine effect. 

Coronary flow experiments indicate that epinepln’ine causes an in- 
crease in tlie volume of blood passing through the coronary vessels. It 
is hardly an acceptable hypothesis that this hicreased blood flow through 
the coronaries would cause the electrocardiographic changes recorded 
after the injection of epinephrine. 

Though generalized oxygen lack causes changes in the ventricular 
complex its most characteristic effect is first to speed up A-Y conduc- 
tion, and later to slow it, in contrast to the primaiw effect of epineph- 
rine on the ventricular musculature and its minor effect on conduc- 
tion. Thus if the epineiihrine effects observed were dependent en- 
tirel3'’, or even largelv, upon diffuse coronary constriction they siiould 
simulate oxj’gen deprivation effects more elosel^^ 

The changes encountered can onlj' be accounted for by the following 
train of events. 

Epinephrine, bj’- increasing the demand of the m>'ocardium for blood 
far bejmiid the increased availabilitj’’ resulting from increased coronar.v 
blood flow, causes a relative or functional anemia of the mj’-ocardium. 
This results in changes in myocardial action comparable to tliose of a 
normallj’’ functioning m3meardium which is having its blood supply 
diminished. Because the changes encountered develop so rapidl3’' the3’’ 
must be the result of relative m3’-ocardial anoxemia. 

The contrast between the effects of generalized anoxemia and those of 
epinephrine is then to be explained b3’' the fact tliat during the epineph- 
rine effects the conducting mechanism received adequate blood since its 
demand for blood was affected but little. 

These conclusions are supported b3'- the accentuation of tlie epineph- 
rine effect following section of the vagi. The removal of this inhibit- 
ing mechanism leads to furtlier increase in myocardial activity and 
therefore greater ox3'gen need. 


SUaiJIARY 

Electrocardiographic studies were made after the injection of epineph- 
rine into the saplienous vein and the coronary arteiy and following 
vagotom3^. The eleetrocardiograpliic changes caused b3^ epinephrine are 
ascribed to its increasing the nyocardial requirements for oxygen be- 
3mnd the available supphq tlius resulting in functional anoxemia of the 
m3mcardium. 
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PEODUCTION BY EPINEPHRINE OF S-T CHANGES IN THE 
ELECTRO CARDIOGRAIM OP THE CAT, SIMILAR TO 
THOSE OF CORONARY OCCLUSION^ 

Albert H. Douglas, M.D., Ben Gelf.entd, M.D., and 
C mvRLES Shookhoff, M.D., Brooklyn, N. Y. 

iQlR THOMAS LEWIS, in collaboration mtli B. Gelfand, showed in 
1935 that the thrombosis iirodiiced by ergot in the cock s comb 
was secondary to arterial spasmd This work suggested the possibility 
that coronary artery thrombosis in man miglit, at times, be precipitated 
by spasm of these arteries. In order to throw some light on this prob- 
lem we were interested in the possibility of producing thrombosis in the 
coronary arteries of the cat by the nse of drugs tliat cause arterial spasm. 
Among the drugs used was epinephrine. We were impressed with the 
ability of epineplu’ine in suitable doses to produce in the electrocardio- 
gram of the intact, unanesthetized eat S-T displacement similar to 
that seen in the most extreme changes of coronary occlusion. We are 
reporting these changes in this paper. They provide confii’matory evi- 
dence of the ability of epinephrine to produce spasm of the coronary 
arteries and seem to offer a simple test of the ability of various drugs 
to cause dilatation of these arteries. 

aiETHOD 

Prom 1.5 to 2 c;c. of epinephrine 1:1000 (Armour) was injected into 
the thigh muscles of intact, unanesthetized cats. Control electrocardio- 
grams were taken prior to treatment. Frequent electrocardiograms 
were taken after the administration of the epinephrine and, after marked 
S-T changes were produced, nitroglycerin gr. in aqueous solution, 
was injected into the opposite thigli muscle and further electrocardio- 
graphic, studies made. Seventeen experiments w^ere done, using eiglit 
cats. 

In the normal electrocardiogram of the cat Lead I usually shows de- 
flections that are almost isoelectric, and Leads 11 and III are very 
similar hi appearance. For this reason transient changes were followed 
in Lead II, although all three leads were taken whenever time per- 
mitted. 

Cambridge electrode jelly was used and lead electrodes were applied 
directly to the skin. The string was standardized to deflect 1.5 cm. to a 
millivolt. 

♦From the Cardiological Research I..aboratory of the Jewish Hospital of Brooklyn, 

211 



id in many 
aonophasic 
ssed below 
iC opposite 
llustrating 
tig marked 

I. One and 
3 the right 







DOUGLAS ET AL. ; S-T CHANGES DUE TO EPINEPHRINE IN CAT 213 

Experiment No. 9, Dec. 5, 1936. Control electrocardiogram normal. One and one- 
half cubic centimeters of epinephrine 1:1000 was injected into the right thigh mu.s- 
cles. A tracing taken two minutes after the injection showed marked slowng. In 
five minutes S-T depression appeared and tracings taken at nine and nine and one- 
half minutes showed very marked depression of the S-T segment (Pigs. 4, 5, and G). 



muscles. A tracing taken as soon as possible after this treatment showed return of 
S-T to the isoelectric level, and the T-wave, which had been inverted, became upright. 
.The effect of the nitroglycerin was very transient. One minute after its admin- 
istration there was a return to a depressed S-T interval and an imerted T-wa^e 
and this type of curve continued for three and one-half minutes after wliich the 
S-T intcr%'al was isoelectric, although the invension of T lasted for about twenty-five 
minutes. 
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Fig. 3 


Fie. 4 
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. — Experiment 


4 . Twenty-five minutc.s after injection of epinephrine showing 
return to normal, Leads I, II, and IIL 



. — Experiment 9, 


Dec. 5, 193C. 


Control electrocardiogram, i«eads I, II, and HI. 
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DISCUSSION 

In 1920, Pardee^ called attention to tlie S-T displacement in the electro- 
cardiogram with acute coronary occlusion in man. Much experimental 
work has appeared since in which similar changes were produced in 
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animals. In most of this experimental work the heart was exposed and 
subjected to wmrious mechanical, chemical, thermal, and electrical proce- 
dures.® In other experiments the same tj^pe of electrocardiographic 
curve was produced in the intact animal by anoxemia,^*' insulin,^ 
digitalis,® and pitressiu.^® We show in this paper that epinephrine in 
suitable doses can produce similar elianges; that these changes are con- 
sistently produced, luilike those caused by digitalis or insulin i and that 
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they are as marked as the changes reported by Kountz and Gruber 
with pitressin in anoxemic dogs. As in the latter work the changes 
could be made to disappear by tlie administration of nitrites. 

As Fig. 2 and 5 illustrate, the displacement of S-T produced by 
epinephi’ine can be above or below the isoelectric level, and can be marked 



Fife'. C. — Exporiment 9. A, J^a.6 JI taken one-half minute after Injection of nltro- 
Kb'cerln ; B, one minute later ; C, two mlnute.s after ; T), ten mlnutCB after ; E, twenty- 
Hve minutes after: F, I^eads II and III one hour after the injection of nitroglycerin. 

enough to make the QRST curve monopha.sic. Tlie fact that nitro- 
glycerin can cause a quick but transient return to normal .suggests that 
the changes are the re.sult of spa.sm of the coronaiy arteries, probably 
secondary to stimulation of the .sympathetic nerve endings that supply 
the.se veascl-s. In some experiments paroxy.smal ventricular tachycardia 
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induced by epinephrine was quieklj’’ abolished by nitroglycerin. This 
suggests that coronary artery spasm is not onl\' responsible for the S^T 
segment change but also plays a part in the initiation of arrhytlimias. 

The electrocardiographic effects of epinephrine hi animals have been 
studied by a number of authors.^^, 13 authors, however, used 

smaller doses than those injected in our experiments and emphasized 
disturbances in cardiac rate and rhythm. When S-T displacement was 
produced it was much less marked than the changes reported in this 
paper. In the present study we have been interested primarily in the 
action of epinephrine on the S-T segment and the coronary arteries. 
That the drug has, in addition, a direct action on tlie S 3 Tnpathetic nerve 
endings in the heart apart from the coronaiy arteries, and an indirect, 
reflex action from the In-pertension it causes, has been demonstrated by 
others.^^' 

The effect of epinephrine on the electrocardiogram has been studied in 
man as well as in animals. Anginal seizures and S-T displacement have 
been produced"’ but the S-T changes were slight, probablj* be- 
cause the doses used were necessarih' small. 

In addition to eleetroeardiographie studie.s many direct investigations 
have been made of the action of epinephrine on the coronaiy arteries and 
the coronaiy circulation. The earlier work has been reviewed bi*. 
Gruber and Roberts.^" These authors worked on the iierfiised, excised 
hearts of cats, rabbits, and rats and concluded that tlie drug in dilute 
solutions causes vasodilatation, and in concentrated solutions, vasocon- 
striction. Our findings are consistent witli these conclusions and add 
further evidence to support the view that epinephrine can cause marked 
coronaiy ai’terj^ spasm. 

We believe that the S-T displacement caused bi' epinephrine in the 
electrocardiogram of the cat might be used as the basis for a simple 
test of tlie ability of other drug.s— e.g., theobromine or theophylline — to 
relieve coronary artery spasm. The changes are conspicuous, and can 
be consistent^ and easily’ produced. 

CONCLUSIONS 

1. Epineplirine in suitable doses can jiroduce marked displacement 
of the S-T segment of the electrocardiogram of the cat. Tliis displace- 
ment can be above or below the isoelectric level. It can be so marked that 
a monophasie curve results. 

2. The S-T changes produced by epinephrine can be abolished by 
nitroglj’cerin. 

3. These changes are probably the result of coronary artery spasm. 

4. The.v can be used as a basis for testing the ability- of drugs to 
relieve coronaiy arteiy spasm. 
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ANOMALOUS OKIOIN AND COURSE OP THE LEFT CORONARY 

ARTERY IN A CHILD 

So-called Congenital Absence op the Left Coronary Artery* 

Sajiuel Sanes, M.D. 

Buffalo, N, Y. 

'“j 'HE type of anomah* here reported usually appears in the litera- 
* ture under the title of congenital absence of the left or nght 
coronary artery. All authors recognize the fact, however, that the 
essential lesion consists not of an absence of the vascular supply, 
prdinariU’- provided -by the coronary artery in question, but of an 
abnormality of its oi’igin, course, and distribution. 

Upon examination, the reputedly absent eoronari^ artery cannot be 
found running from the aorta in normal position,- its orifice is com- 
pletel}’’ lacking. Li one group of eases the arteiy arises — either in 
itself or in its branches — along with or from the homologous coronaiy 
* vessel. In a second group anatomical counterparts of the absent 
artery are not distinguishable as such. Then the coronary artery which 
is considered to be present gives off branches and terminations that 
act as functional substitutes. Because of the anomalies in origin, the 
components of the coronary circulation also assume variations in 
caliber and course. 

review op literature 

References to the anomalous origin and course of the coronary artery 
here presented, as an isolated cardiac defect are rather few. Mention 
is made of it in the classical literature b.y Galen, Bartholinus, Fantonus, 
Morgagni, and Thebesius. In their works Otto, Criiveilhier, Gegen- 
bauer, Kaufmann, Maude Abbott,^ and Bland, White and Garland- 
offer brief citations. During the past one hundred 3 ^ears complete 
descriptions of only eleven cases have appeared in the medical joui*- 
nals; two of these are recorded in the American literature. 

Li HyrtUs case® (1841) the subject was a seven-month fetus. The 
right coronary artery was missing; it was replaced bj- branches from 
the left coronary arteiy. 

In Buchdalek's case'^ (1867) the patient ivas a sixt.y-year old woman. 
The cause of death was not given. Tlie left coronaiy arteiy was 
anomalous. A single arteiy sprang from the right sinus of Valsalva 
and soon divided into three branches. One of these corresponded to 
the normal right coronaiy arteiy. The second passed between the 
aortic root and left auricle and took the place of the left circumflex 
branch. The third branch traversed a path to the left, through the 

♦Prom the Pathological Laboratories of the Buffalo General and Children’s 
Hospitals and the University of.Buftalo Medical School, K. Terplan. :M.D., Director. 
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muscle of the posterior wall of the left venti’icle and interventricular 
septum, and came out on the surface as the left anteidor descending 
artery. Histological sections were not described. 

In Engelman’s ease‘s (1898) the age and the sex of the patient and 
the cause of death were not tabulated. The right coronary artery was 
abnormal. A single artery originated behind the left anterior cusp. 
It broke shortly into a vertical and horizontal branch. The former 
ran anteriorly and gave off a small branch which passed to the right 
between the pulmonarj'- aideiy and the aorta to the posterior surface 
of the heart and an abnorraallj' large branch to the anterior wall, 
margo aeutus, and the posterior Mmll of the right ventricle. The 
horizontal branch followed the course of the left eircumdex vessel. 
Histological descriptions Avere not included. 

In Plant's case® (1922) the patient Avas a thirty-seven-year-old man. 
He suffered primarily from subacute bacterial endocarditis. The right 
eoi'onary artery aa^s called absent. In the right sinus of Valsah'a 
onlj^ a small dimple could be seen. The left coronaiy arose at the 
normal site. The circumflex branch ran in the sulcus atrioA'cntricularis 
of the Avhole heai-t and ended in a small branch 3 cm. from the usual 
origin of the right coronaiy artery. Along its course this arteiy gave off 
three branches to the left, and three small branches to the right 
anterior cavity, and numerous branches to the posterior surface of 
the heart, Taa’-cIa'c centimeters from the origin of the left anterior 
descending arteiy, a large branch proceeded doAvn to the right to both 
surfaces of the right heart. The anomaly A\'as not connected Avith the 
cause of death. Histological descriptions AA^ere not given. 

In the case of GallaA'ardin and EaA'ault' (192.5) the patient AA’as a 
forty-five-year-old Avoman Avho Avas afflicted Avith chronic mitral and 
aortic endocarditis. The left coronary artery was anomalous. The 
aorta presented one coronaiy orifice in the right sinns. From a small 
common trunk passed a normal right coronaiy artery and a sec- 
ond A^essel AA'hich sank into the ventricle betAveen the pulmonary 
conus and the right auricle to emerge and to dhdde into a left de- 
scending and a eiz’cumflex branch. The last was not entirely normal 
and fonned two branches. The anomaly did not figure in the death 
of the patient. Histological sections of the myocardium AA^ere not 
described. 

In the case of Smith and Graber® (1926) the patient AA'as a forty- 
six-year-old man. Death AA'a.s caused by coronary' thrombosis. The 
left coronaiy arteiy was called absent. There aa'bs only one coronary 
orifice in the right anterior sinus. The arteiy leading from this open- 
ing Avas large and folloAA'ed the usual cour.se of the right coronary 
arterAL Posteriorly it divided into Iaa-o branches. The larger de- 
scended along the inteiwentricular septum, where it v/as found throm- 
bosed. The smaller continued around the atrioventricular groove to the 
margin and the apex of the left heart to pass upward on the anterior 
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surface. Here it joined a large arterr coming down over tlie base of 
the fight ventricle fi’om the first portion of the main coronary artery, 
wliich continued to the posterolateral aspect of the left ventricle. 
The thrombotic lesion in the anomalous coronary circulation produced 
death. IMieroscopically the myocardium showed fibrosis. 

In Gratzer s ease^ (1926) the patient was a sixty-eight-year-okl 
Avoman. She died from thromboj)hlebitis of the veins of the legs, and 
pulmonary infarcts. The heart showed myomalacia, parietal thrombosis, 
and aneurysm of the wall. The left coronaiw was anomalous. Three 
orifices Avere seen in the right sinus of Valsahm. The middle opening 
gave off the largest Amssel, which traveled through the riglit atrio- 
ventricular sulcus to the posterior wall of tlie right ventricle, distributed 
a branch to tlie posterior .sulcus and continued to the left heart. From 
the left ostium there arose a vessel Avhieh supplied the anterior pai-t 
of the left ventricle and the apex. From the right ostium a A'essel Avas 
traced to the right anterior heart. The anomaly apiiarenth* did not 
figure in the cause of death. Histological sections Avere not described. 

In Petren's case^^ (1930) the patient Avas a thirtA'^-three-year-old 
man. Death was attributed to hypertension and cerebral hemor- 
rhage. The right corouaiy artery was abnormal. The left coronary 
artery arose from a large opening and diAuded into anteiior and cir- 
cumflex branches. At the apex the anterior descending artery turned 
to the right A^entricle. The circumflex branch crossed posteriorly and 
gave off descending branches to the left ventricle, the posterior sulcus, 
and the right Amiitricle. Death Avas not connected Avith the anomalous 
Amssel. Histological descriptions Avere not included. 

In Kintner's case^^ (1931) the patient Avas a sixty-five-year-old man. 
Death Avas caused by renal insufficiency and pulmonary embolism. The 
left coronary arteiy Avas anomalous. The right coronary orifice Avas 
larger than normal and seiwed as a common opening for two Amssels. 
The larger of these Avent through the right coronary sulcus to the 
posterior heart. A small arteiy passed from the common orifice doAvn 
to the left at the root of the aorta beneath the muscle of the posterior 
Avail, then through the inter A'entricular septum. It finally reached the 
anterior surface of heart and diAuded into left ascending and descend- 
ing arteries. The former replaced the left circumflex branch,- the 
latter, the left anterior descending brancli. The anomaly played no 
part in the cause of death. Histological descriptions Avere not given. 

In Born^s ease^^ (1933) the patient was a fifty-four-year-old man. 
The primary cause of death Avas empyema and pulmonary gangrene. 
The left coronary arteiy was absent. From a common opening issued 
the left and right coronary arteries. The first ran between the aorta 
and the conus pulmonalis into the septum and emerged to give off 
the left descending and circumflex branches. The right coronary arteiy 
helped supply the left ventricle posteriorly. Death was not associated 
Avith the anomaly. Sections Avere not described. 
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In Kockel's case^^ (1934) the patient was a thirty-nine-year-old 
woman. She died of pneumonia and pericarditis. The right eoronarj' 
artery was anomalous. The left coronary artery divided into left 
anterior descending and left circumflex vessels. These provided 
branches to anterior and posterior parts of the right heart. The 
anomaly played no part in the cause of death. No histological de- 
sciiption was given. 

REPORT OP CASE 

History. — J. B., a white American male child, aged three years and ten months, 
was admitted to the BuiFalo Children ts Ho.spital on Aug. 21, 1930, because of gen- 
eralized edema of several days ’ duration. He died within two days. 

The father and mother, each 33 years of age, were in good health. The patient 
was the last of five children. He was born at full term. Heliveiy was spontaneous 
and uneventful. At birth the child did not emit a cry but seemed to breathe nor- 
mally. There was no cyanosis. Immediately after birth bilateral strabismus was 
noted. Our patient was breast fed for nine months. He had received no cod liver 
oil or orange juice. He had nei’cr talked or walked, though he climbed nimbly. 
Immunization for diphtheria had been carried out. Except for occasional colds, the 
past history was negative. 

Several days before hospital entry, the patient became listless. Edema was noted 
by the mother. The urine was scanty and highly colored. 

Examination . — The temperature was 100“ F.; pulse, 120; and respiratory rate, 
28, The weight was 27 pounds. The child was well developed and well nourished 
but pale. He showed generalized pitting edema. The biparietal diameter of the 
skull was narrow; the fronto-oecipital diameter, long. Bilateral internal strabismus 
was present. Pinpoint hemorrhages W'ere noted in tlie fundi. Both nares contained 
dried blood. The tonsils were large. The lungs were apparently clear. The lieart 
was not enlarged. The blood pressure w'as 70 systolic and 30 diastolic. The right 
testicle was xmdescended. Deep reflexes were hypoactivo. Examination of the 
urine was negative. The clinical impression was acute glomerulonephritis and 
chronic tonsillitis. 

AUTOP.Sy FINDINGS 

The autopsy was made eight hours after death. The final diagnosis comprised 
acute diffuse glomerulonephritis; marked edema and congestion of both lungs, with 
patchy areas of atelectasis of the lower lobes; slight bilateral hydrothorax; slight 
hydropericardium; sb'ght ascites; edema of the .soft tissues; diffuse myocarditis; 
acute interstitial hepatitis; recent interstitial myositis (diaphragm); acute splenitis; 
congestion of the brain; anomalous origin and course of the left coronary artery; 
anomalous course of the right coronary artciy; sjmostosis of the skull; bilateral 
strabismus. The line of ossification was regular. Ko lesions were found in the 
stomach or the intestines. Peripheral neiwes were examined. 

Description of the Heart . — On removal of the sternum, the pericardium was 
found slightly distended. The pericardial fluid was straw colored and slightly in- 
creased in amount. The longitudinal diameter of the heart measured 7 cm.; the 
horizontal diameter at the atrioventricular sulcus, 7 cm. The weight was 00 gm. 
The apex was somewhat rounded. The epicardial fat was normal in amount. The 
vessels on the surface of the heart were very prominent and tortuous. 

The aortic cusps were three in number. They showed no vegetation. That of the 
right anterior sinus was slightly fenestrated. Ko coronary orifice was seen in the 

*In a forty-year-old woman who died from maligrrant hemangfom.a, Hall'' noted 
that the rlnht coronary artery liad no opening- into the aorta hut that the artery 
was found In epicardial fat about 1 cm. from tlie aorta. 
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left anterior sinus. A shallow dimple — ^pinhead sized — ^was present in the anterior 
sinus close to the commissure between both anterior sinuses. This dimple was not 
in the position of the normal origin of the left coronary artery. In the right sinus 
of Valsalva was situated a large orifice 0.25 cm. in diameter. When it was 
stretched, the large orifice revealed three moderate-sized openings and one very minute 



Pig. 1.— Gross view of aorta showing common coronarj' orifice in right anterior 
sinus. Inset depicts magnified common orifice and adjacent minute opening. 



opening. The moderate sized openings were arranged so that two occupied a 
superior position, and one a site midinferior to the upper two. The minute opening 
lay ! between the right superior and midinferior orifices. An additional minute 
opening was noted in right sinus just medial to largo orifice. From the right su- 
perior opening emerged a vessel which corresponded to the right coronary artery. 
It measured 0.3 cm. in circumference. Three large branches to the right anterior 
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ventricle, a large branch to the margo acutus, and small branches to the right 
atrium were given off. Traveling in the atrioventricular sulcus, the vessel, in- 
terpreted as the right coronary artery, continued beyond the margo aeutu.s to the 
posterior part of right ventricle. Here it di-stribuled a large branch to the posterior 
descending sulcus. Tlie vessel «’a.s next traced (still in the atrioventricular sulcus) 
for a distance of 2 cm. on to the posterior wall of the left ventricle. A large 
branch passed downward and diagonally to margo obtusus, and thence to the antero- 
inferior part of the left ventricle. The main right coronary artery’ was follmved 
another centimeter in atrioventricular sulcus; it terminated at margo obtusus. The 
right coronary artery measured 10 cm. in length. 

The left superior opening in the right anterior sinus gave origin to a vessel that 
sank into septum between pulmonary artery and aorta and penetrated downward for 
a distance of 1 cm. At this point it made a 12;j-degrce-angle turn toward the anterior 
surface of the heart. After 1 cm. the artery reached the subepicardium at the 
interventricular sulcus 2.2 cm. from tlie aortic ring. On the surface of the heart, 
it conformed to the topography of the left anterior de.sccnding branch for 3 cm. 
and supplied both the left and the right ventrick’s. 

From the midinferior opening a vessel passed behind the posterior and left aortic 
cu.sps to the left. It came out in the left interventricular sulcus at junction of 
anterior mitral leaflet and the left aortic cusp. This artery was 4 cm. in length 
and corresponded in part to the left circumflex branch. It gave off small branches 
to the anterior part of the left ventricle and the margo obtusus. 

The two minute openings in the right anterior sinus could not be probed or 
di.ssected because of their size. The veins of the heart were not remarkable. The 
superior and inferior venae cavae were not remarkable. 

The right auricular appendage contained no thrombi. The wall of the right 
atrium measured 0.08 cm. The tricuspid valve was thin and delicate. It measured 
0,5 cm. in circumference. The wall of right ventricle was 0.3 cm, thick. The cavity 
measured .5.8 cm. The chordae tendincae and the papillarj' muscles were not re- 
markable. The pulmonary artery was free. It measured 4 cm. above the valve. 
Pulmonic cu.sps showed slight fenestration. The pulmonary’ veins were patent. The 
foramen ovale was clo.sed. The left auricular appendage was clear. The endo- 
cardium of the posterior ivall of the right atrium showeil few white ridges. The 
wall measured 0,18 cm. The mitral %’alve was 5 cm. in circumference. The anterior 
leaflet showed an atheromatous patch 0.2 cm. in diameter. The wall of left ventricle 
measured 0.5 cm.; the cavitj’, 5 cm. The aorta measured .3 cm. above the valve. 

On section the color of the myocardium of the left ventricle c.specially of its 
posterior irall was pale. Scattered throughout were small gray patche.s and streaks. 
Dilated vessels and petechial hemorrhages were also seen. 

Microscopic Findinffs. — Blocks of tissue were taken from various parts of ven- 
tricles and atria and fixed in 10 iier cent fonnaldehydc. Frozen and paraflin sec- 
tions were made and stained ivith hematoxylin-eosin, van Gie.?on, Weigert elastic, 
Gram-Weigert, Sudan III, methyl green-pyronine, and Levaditi methods, .Studies of 
the sections revealed that changes were present in both ventricles. The findings 
were most marked in the left ventricle and in the posterior wall of the left ventricle. 
The histological picture included a distinct recent diffu.sc interstitial mj'ocarditis, 
parenchym.atous degeneration and atrophy of myocardial fibers, dilatation of capil- 
laries, recent interstitial hemorrhages, and epicarditis. 

The lesion in the left ventricle will be de,scribed. The endocardium was normal 
in thickne.«s. Fibrosis and cl-a-stification could not be made out, Xo thrombi were 
seen on the surface. Throughout the ^vall distinctly atrophic fibers could be dis- 
tinguished lietween (ho.se of normal size. 

At first glance the three myocardial zones appeared to take the hematoxylin- 
eosin stain evenly. However, upon tracing the course of individual fiters, one noted 
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Fig-. 3. — Section of myocardium sho-wine interstitial edema and cellular infiltration. 
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that areas which took a pale stain were scattered along intensely pink-staining 
fibers. Under high power the pale areas shelved loss of striations and frayed 
fibrillae. In the outer zone of myocardium vacuoles were present in sarcoplasm. 
Nuclei were pale — oval or rectangular in shape; chromatin material was not prom- 
inent. In some pale areas the muscle fibers had disappeared with formation of gsips. 
In others the sarcolemma alone was preserved. Sudan stain revealed fatty degen- 
eration in patchy distribution. 

The most striking variations from normal in the myocardium were obseired not 
in the muscle fibers themselves, but in interstitial spaces and in the gaps mentioned 
above. Muscle fibers were separated by edema. Capillaries were dilated. In the 
interstitial spaces and gaps were neutrophiles, eosinophilcs, round cells, mast cells, 
and plasma cells. There were marked proliferations of fixed tissue cells. Tliese ap- 
peared as oval cells with vesicular nuclei. Few macrophages had indented or double 
nuclei. The cellular infiltration was found in all zones. The areas of infiltration in 
different sections ran parallel to muscle fibers and in perpendicular zigzag courses. 
IVith the van Gieson stain thin collagenous fibrillae were noted running in inter- 
stitial spaces. The perivascular tissue about the moderate sized coronary arteries 
showed edema and infiltration of neutrophiles and plasma cells, and proliferation of 
histiocytes. Often around the vessels there was a halo of edema. No distinct nodular 
arrangement was seen. The branches of the coronary arteries were patent. 

The subepicardial tissue showed cellular infiltration and histiocjfic proliferation. 
These changes reached in between the muscle fibers of the outer muscle zone. In 
certain sections recent interstitial hemorrhage had occurred in the myocardium. The 
endocardium of the mitral and the aortic vah'cs was not remarkable. Bacteria were 
nqt found. 

DISCUSSION 

Discu-ssion of the case just described will be concerned for the most 
part with two questions. In what re.spects does our case contiibute to 
the knowledge of anomalous origin and course (so-called congenital 
absence) of either coronary artery? What explanations hare been 
proffered for occurrence of the anomaly? 

In our case the coronary arteries arise in the right anterior aortic 
sinus from a common orifice whieli houses three moderate sized open- 
ings and one minute opening, and from one separate minute opening. 
This tjTie of origin is not duplicated among the eleven reported ex- 
amples of anomalous left or right coronaiy artery. 

The distribution of branches of the eoronarj" arteries in our case, 
however, corresponds to the findings of other authors in eeriain eases 
of anomalous coronary arteiy. In fact, these cases, by a characteristic 
distribution of vessels, form a distinct group — that of anomalous left 
arter}^ In this group the left antei-ior descending branch arises 
separately or from right coronary artery^ penetrates the interventricu- 
lar septum, and emerges on the anterior wall of left ventricle. The left 
circumflex branch pa.sses between the aortic root and the left auricle 
to reach the atrioventricular sulcus. In a second group of anomalous 
left coronary^ artery, the left circumflex branch is absent or rudimen- 
tary', In both groups the right coronary' artery' gives off branches to 
the left ventricle. 



SANES: anomalous ORIGIN AND COURSE OP LEFT CORONARY ARTERY 227 

Reported cases of anomalous riglit coronary artery also follow a 
uniform vascular distribution. Tbe left arterj^ divides into a left 
anterior descending ' and a circumflex branch. These supply vessels 
to anterior and posterior parts of right heart. 

Cognizance of the classification of anomalous coronary artery on the 
basis of vascular distribution, which is formulated here for the first 
time, ought to preclude further arguments on the nosological ques- 
tion: Is it proper to term the anomalous artery absent or not? In 
the anomalous left coronary arteiy, exemplified by our case, the ab- 
normal vessel — ^from a strict anatomicophysiological sense — cannot be 
said to be absent. The developmental defect lies in an absence of its 
orifice at the customary site in the aorta, and in the abnormality of 
its branches and course. Branches corresponding to those of the 
ordinary left coronarj’ artery are present; in addition, branches from 
the right eoronaiy artery supply the left ventricle. 

On the other hand, cases of anomalous right coronary artery, from 
an anatomical point of view, maj’- be justifiablj’- called instances of 
congenital absence of the right eoronaiy artery. Counterparts of 
branches of the right eoronaiy artery are not manifest. 

Our ease is the first instance of so-called congenital absence of the 
coronary artery to be discovered in a child. This fact is important 
because in a child's heart we are able to study the possible effects 
of the anomalous coronary artery on the mj’-ocardium without having 
to take into account cardiac lesions of adult life, such as coronary 
arteriosclerosis. 

Histological description of the nyocardium occurs in but one re- 
corded case of anomalous origin and course of the coitmary artery 
(Smith and Graber). Here, any causative relation of the anomalous 
coronary artery is hard to evaluate, for the microscopic changes can 
be explained by a eoronaiy thrombosis; the effects of the anomalous 
vessel, if present at all, are completely overshadoAved by the super- 
imposed vascular obturation. 

In our case distinct histopathological findings are noted in the myo- 
cardium. Indeed, these could already be detected grossly. The myo- 
cardial damage consists chiefly of a recent diffuse myocarditis, inter- 
stitiar and parenchymatous in type, capillary dilatation, and recent 
hemorrhages. The problem of the etiology and pathogenesis of this 
damage must be faced. Are the lesions due to an alteration in blood 
supply brought about by the anomaly? Or are they dependent on an 
unrelated etiologicaT factor? Is the combination of such a. factor irith 
the coronary anomaly merely a coincidence? Or may the anomaly 
predispose the myocardium to the deleterious action of another 
pathogenic agent? 

Claims have been made that the portions of the heart supplied by 
the anomalous coronary ai’tery , receive a diminished circulation. 
Physiological substantiation for this belief has never appeared. It is 
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ti’ue, however, that the branches of the anomalous vessel are not of 
usual length ; their caliber tends to be small Though the artery which 
is considered to be present assumes added function, it does this 
through secondary or end branches. None of the hearts in the litera- 
ture has been studied radiographically for the extent of anastomoses. 
But in infants and children coronary anastomoses are normally least 
developed; the left ventricle possesses normally a lesser blood .supply 
than the right. Yet, to our mind the explanation for the myocardial 
changes in our case solely on the assumption of dimini, shed blood 
supply and diminished oxygen .supply attendant upon the anomaly, 
is not comidetely satisfying. The myocardial changes are recent; the 
inflammatory lesion is most prominent; scarring as from coronary in- 
suffieienej'-, either mechanical or functional in origin, is not seen. 

In a search for primary etiological and pathogenic factors besides 
the coronary anomaly, we can rule out syphilis, severe anemia, myx- 
edema, embolism, von Gierke’s disease, rheumatic fever, beriberi, and 
bacterial myoeai-ditis. Toxic or infectious-toxic myocarditis must be 
considered first. Interstitial myocarditis has been described in uremia. 
Our patient died from acute glomeimlonephritis. Blood chemistry de- 
terminations for urea nitrogen were not cariied out intra vitam. On 
an infectious-toxic basis, the cardiac lesion could fit in ■with changes 
in kidney, liver, muscle, and spleen. 

It is difficult to say how far the effects, if any, of the anomalous 
coronary artery increased the .susceptibility of the myocardium to the 
action of some toxin. We must note that the left ventricle and its 
posterior wall, which would suffer the consequences of the anomalous 
blood supply, are apparentlj' most involved in the myocardial lesion. 
(But myocarditis can attack one side of the heart to a greater degree 
than the other.) Muscle fibers show atrophy and fatty degeneration. 
When Ave realize, hnAA-^ever, that ours is the first ease of so-called con- 
genital absence of coronary artery reported with adequate histological 
studies, we believe it is safest to record our findings without drawing 
categorical conclusions. Microscopic descriptions in future eases may 
help to decide AAdiether the anomalous coronary arterj'^ produces any 
primary or predisposing eifeets and whether the myocardial damage 
in our case is only an accident. 

Plant® sought an explanation for the “absence” of the coronary 
artery on embryological and phylogenetic grounds. Embryology of- 
fered little clarification. The fii*st anlage of the coronary arteries in 
the rabbit appears as a thickening in the aortic endothelium from the 
tAvelftli to fourteenth days of embryonic life and just before truneus 
arteriosus has been divided into aorta and pulmonary ai’tery. The 
left coronary artery is formed fir.st. In the beginning the arterial 
rudiments are solid columns of cells rvhieh later acquire a lumen and 
groAV outward into the superficial portion of the myoeai'dium.' 
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111 eomparative anatomy Plant found an interesting implication. In 
fish and amphibia there is onl.y one coronary artery. In ehelonidiae 
and sauridiae the number is often reduced to one or increased to three. 
Only 60 per cent of the birds have two vessels. ]\rammals as a rule 
show two coronary arteries. The development of two coronary arteries 
seems to be a late acquisition in the evolutionary process, associated 
with separation of heart chambers. 

Before the diagnosis of so-called congenital absence of the coronary 
artery is ventured, origin from the pulmonary artery or from a posi- 
tion high in the aorta must be looked for. Complete occlusion of one 
coronary orifice by s^^philis or arterosclerosis sliould be excluded. 
So-called congenital absence of the coronary artery is sometimes asso- 
ciated with other major cardiac anomalies.^''’ 


SUMMARY 

The literature on so-called congenital absence of coronary arteiy as 
an isolated anomaly is reviewed. A case which illustrates this anomaly 
of the left coronary artery in a four-.year-old boy is reported. Find- 
ings of unique significance include the type of origin of coronary 
arteries, the age of the patient, and the pathological changes in the 
myocardium. 
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APPARENT INCREASED VELOCITY OF BLOOD FLOW IN 
CASES OF CONGENITAL HEART DISEASE WITH SEPTAL 
DEFECTS HAVING RIGHT-TO-LEFT SHUNT® 

Johnson McGuire, M.D., and Fred Goldman, M.D. 
Cincinnati, Ohio 

W HILE engaged in a study of the hemodjuiamics of morbus caeru- 
leus we noted an extreme "acceleration’' of blood flow in a pa- 
tient exhibiting the clinical syndrome associated with tetralogj^ of 
Fallot’ (patent inteiwentrieular septal defect, right ventricular hyper- 
trophy, pulmonary stenosis, and dextroposition of the aorta). It oc- 
curred to us that this remarkable “acceleration” in velocity was appar- 
ent rather than real and was dependent upon a “short circuiting” 
through the patent intciwentrieular septum. It is obvious that if this 
be correct a simple diagnostic test for septal defects with right-to-left 
shunt would be available. 

The arm-to-carotid sinus circulation time was measured by the sodium 
cyanide method of Robb and Wei.ss.^ This simple test consists of the 
rapid injecting of a 2 per cent solution of sodium cyanide into an ante- 
cubital vein and observing the time of the appearance of a .sudden deep 
inspiration. The amount of cyanide given is determined on the basis 
of 0.11 mg. for each kg. of body weight. The test ordinarily measures 
the time necessary for blood to pass from the antecubital vein, thi'ough 
the right heart to tlie lungs, plus the time of passage througli the lungs 
and the left heart to the carotid sinus. Robb and Weiss have shovTi 
that in the healthy adults the average arm-to-carotid circulation time is 
15.1 seconds, the maximum time being 20 second.s, tlie minimum, 10 sec- 
onds. Likewise they showed that the time necessary for the cyanide to 
pass from the antecubital vein to the lung in normal adults (the venous 
velocitj') averaged 4.5 seconds, while the crude pulmonarj^ circulation 
time was 10.6 seconds. 

Tlie reaction taken as the end point in children wa.s very definite and 
clear cut. The optimal reactive dose was found to be 0.13 mg./kg. for 
children as contrasted to the value of 0.11 mg./kg. obtained hy Robb and 
Weiss for normal adults. 

As no reported studies in cliildi'en have been made with tlie ej'anide 
method we have examined 11 noxmal children and found that the cii’cu- 
lation time is shorter Ilian in adults, averaging 10.6 .seconds (Table I), 
maximum being 14.5 and minimum 9.0; in one child .showing marked 
excitement and appi’ehension, a circulation time of seven seconds was 

•From the Dc-partment of Internal Xlerllclne, Collage of MeUIcInc-, TJnlversHj' of 
Cincinnati, and the Carclio\'.T.scular I,ahoratory, Cincinnati General Hospital, 
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Table I I 

Ciiir.nuKN' WtTU Sebtai, Deeect (Ventiuoular) Without Cvan-osis or Pui.monary Stenosis 
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obtained. This sliortening of the circulation time in normal children 
as compared to adults may be due to the excitement incident to the 
pioceduie and the accompanying acceleration of tlie pulse rate. Hoav- 
,ever,.the shorter di.stanco from the arm to the carotid artery in ehil- 
dieii as compared with adults is jAi'obably an even more important fac- 
tor. 

Using the same technique we have examined 5 children with con- 
genital heart disease Avithout morbus eaeruleus. The circulation time for 
this group, most of AA'hom AA^ere thought to have uncomplicated inter- 
ventricular septal defects, averaged 12.1 seconds (Table II). 

The clinical data regarding the three patients Avhich Ave believe have 
patent iuterA’cntriciilar septa with right-to-left .shunt ai’e summarized in 
Table III and in the ease reports. None of these patients here described 
have been autopsied. IIoAvever, the clinical diagnosis of tetralogy of 
PaUot AAms concurred in ny three clinicians in each case. 


CASE REPORTS 


Case 1. — M. H., a white female, aged thirteen year.'<, lias had con.^fant cyanosis 
since birth. TIic patient complained of murkcd dyspnea on e.xertion and attacks of 
dizziness and fainting. There was marked cyanosis of the lips, tongne, eonjunctivac, 
and nail beds, with a dusky flush of the cheeks. There was moderate clubbing of 
the fingers. The heart on examination revealed slight enlargement to the right and 
left with a loud .systolic murmur heard be.st in the third left interspace 2 cm. to the 
left of the sternum. The pulmonic second sound was accentuated. Fluoroscopy verified 
the slight enlargement and showed prominence of the pulmonary conus and heavy 
lung fields. There was only moderate pulsation of the conus and no movement of the 
liilum shadows. Electrocardiogram .showed right axis deviation. Red blood cells 
numbered 6,000,000; whole blood viscosity was 6 (Hess viscosimeter); circulation 
time was 4.0 seconds — cA'anidc. 


Case 2. — AAL S., a white male, aged ten years. Cyanosis was first noticed at the 
age of two year.s, and has been severe a7id constant since. Dyspnea and dizziness 
were present on exertion. There wore several small hemoptyses. Ihcre was marked 
evanosis of the nails, lips, tongue, and conjunct ivae with marked clubbing of fingers. 
There was a loud systolic murmur to the left of the sternum in the second interspace ; 
pulmonic second sound was accentuated. Fluoroscopy revealed slight enlargement to 
the right and left, with normal waistline and blunting of the apex. Electrocardio- 
gram showed marked right axis deviation. Bed blood cells numbered 0,200,000; whole 
blood Auscosity was 6.5; circulation time was 4.S seconds— cyanide. 


Case 3 — C. B., a Avhite male, aged seven years, has had constant cyanosis since 
birth. Dy.spnea has been of moderate degree. Cyanosis of lips, mucous membrane.s, 
conjunctivae, and nail beds was marked. The skin had a dusky appearance. Alarkcd 
clubbing of toes and fingers was pre.cent. Heart was enlarged to right and loft with 
loud harsh svstolic murmur, loudest at the second loft inter.q.ace. 1\ was diminished 
in intensity.’ Fluoroscopv revealed enlargement of moderate degree to both right 
and left with decreased radiovi.sibility of both aortic, and pulmomc shadows and 
diminished pulsations in the region of the pulmonar\ conn., 
showed marked right axis deviation. Red blood cells numbered 
viscosity was 7.2; circulation time was 3.S second.s— cyanide. 


Electrocardiogram 
7,000.000; blood 
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We studied two additional patients with morbus caeruleus in whom it 
was impossible to elicit a reaction with the cyanide even to the point of 
doubling the calculated dose (one of the patients received 0.5 c.c. v,'itbont 
any reaction). It was noticed that the blood mscosity was tremendonsly 
elevated in these two cases, being 9.0 and 10,6 respectively. The slow- 
ing of the flow consequent to the increased viscosity might afford an 
opportunity for diffusion and inactivation of the cj'anidc. 

DISCUS.SIOK 

Examination of the re.sults shows that in the three case.s exhibiting 
clinical evidence of patent septal defects vlth venous-arterial shunt the 
circulation time averaged 4.2 seeond.s, while in the control group the 
average value was 10,6 seconds. In one child with fever the circulation 
time was 8.0 seconds and in another who was apprehensive and crying 
the reaction oecurred in 7.0 seconds. The three patients vdth the 
tetralogy of Fallot were calm and placid during the examination, and 
their lack of excitement made the rapid end point even more convincing 
and clean cut. 

It seems clear that patients with increased blood viscosity, normal 
blood pre.s.sure.s, and normal pulse rates could not po,s.sibly have in- 
creased the velocit;^' of the flow by 100 per cent. It is also obvious that 
a “.short circuit” via the patent septum would eliminate the necessity of 
circulation through the lungs. Hence the .stimulating drug need only 
pa.ss directly from the right to the left ventricle and thence to the 
carotid sinus, shortening the pathwa.v and giving an apparent increa.se 
in the velocity of flow. 

In simple patency of the interventricular septum without increased 
right intraventricular pressure, we would not anticipate shortening of 
the circulation time as righWo-left shxmting of the blood would not be 
expected. Thus only with pulmonary .stenosis or other intrapulmonarv' 
lesion causing right ventricular hv 7 )crtrophy and rise in the right intra- 
ventricular pressure plus .septal defect w'ould one anticipate a shortened 
circulation time. It seems clear that interauricular .septal defects, pa- 
tency of the foramen ovale, or patent ductus arteriosus would likewise 
reduce the circulation time if factors favoring a right-to-left shunt were 
present. We have so far had no opportunity to .study such eases. 

We have obseived the ca.ses with septal defects closely for a second 
respiratorv' response several seconds after the initial reaction which 
might be due to a portion of the cyanide traveling the Jong road through 
the lungs. In none of the cases was a .second and delayed response 
noticed. The amount of cyanide passing through the lungs may have 
been too small to cause carotid sinus stimulation, or diffusion and in- 
activation of the cyanide may hav'c been a factor in the failure to elicit 
a second respon.se. 
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SUMMARY AND CONCLUSIONS 

1. In three cases of congenital heart disease mth the clinical diagnosis 
of Y'enons-arterial shunt, the circulatioii time averaged 4.2 seconds, Tjiis 
rapid circulation time is probably pathognomonic of riglit-to-left shunt. 

2. The arin-to-carotid sinus circulation time of eleven normal chil- 
dren averaged 10.6 seconds with the sodium cyanide method of Eobb 
and "Weiss. 

3. Li five patients with ac 3 mnotic congenital heart disease, most of 
whom were thought to have uncomplicated interventricular septal de- 
fects, the average circulation time was 12,1 seconds. 

4. It is recommended that the cyanide test be used as an aid in the 
diagnosis of a venous-arterial shunt in cases of congenital heart disease. 

We are indebted to the pediatric department for affording us tlie opportunity of 
studjung these cases. 

REFERENCE 
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A NEW APPARATUS FOR RECORDING HEART SOUNDS* 


Ed\v.\kd W. Hoi.i.ixgsworth, i\r.D., Lawkexce Sorexsex, .vxd 
Albert Vax dex DRresscHE 
Hixes, III. 

■p' OR the past two years we have been working %rith devices for the amplifying 
and recording of heart sounds. Our a\-ailable equipment consisted of a Ko. 2 
and a Xo. 3 mobile tj 7 )e Hindle electrocardiograph. After considerable experi- 
menting it was found jjossible to arrange them so that both light fields could 
be focussed on one camera, that of the Xo. .3, and fairly well equalized. Two 
different leads, or one in duplicate, could be taken (Fig, 3J) and were apparently 
identical with those taken in the usual manner. A small amount of parallax was 
present. 



P'iff. 1. — The- leeordinjj unit- 

Sound records were made by means of a hook-up, furnished by 31 r. A. W. 
Krause of Xorthwestern University, and one of the electrocardiographic strings. 
The tracings obtained by us were not satisfactory and as considerable time ‘was 
required for the .setup the-incthod WiS abandoned and a simpler one sought. One 
of u.s (L. 31. .S.) conceived the idea of using a radio loud .♦speaker unit, the mag- 
netic type Iieing selected because of its re.sponsivenes.s and light weight, no 
cone being used (Figs, 3 and 2), A thin metal rod or needle was attached 
directly to the moving coil and placed in the light field of one of the electro- 
cardiograph.s so as to cast a .^^hadow be.ride that of the string. Good foeu.s 'iras 
obtained at varying distances from the camera and the unit could be used with 
either of the machines. 

*FublWjef} with the authority of the JJerlieal Lireettm, Veterans AAmlnLtnftion. 
who a.«.sumes no responsibility for the opinions expreFneiJ or conclusions (irawn. 
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An astatic crystal type niicropJione Xo. G. P. lOL gave good results. A (lOR tulie 
was used in the preamplifier (Fig. 2), extreme care being taken in the .shielding 



of the input because, due to high gain, A. C. hum was picked up. Hence, a metal 
cover was substituted for the balvelite on the microphone plug, a second .shield 
being placed over the first, and then its .pick, including the resistor, was shielded 
and shielded wire run to the grid of the tube. 
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A special attenuator with four fixed steps and a variable control to subdivide 
them is employed, and the output of this unit is fed into the main circuit through 
a shielded cord. There are two GC6 tubes in the main amplifier with the sup- 
pre.ssor and screen grid tied to the plate. They are resistance-coupled and feed 
two 6B5 tubes in push-pull. Shielding is also necessary in the input stages of 
this amplifier although not so important as in the preamplifier. 



Fig. 3A.— lyead II taken .simultaneously on No. 3 (upper tracing) and No. 2 (lowr 
tracing) Hindle electrocardiographe. A small amount of parallax Is PresenU inn 
black area was made by the sli.-idow of the shield u-sed to separate the two light neios. 

Pig. 3B . — Lead II and heart sounds from the apex of a patient with a normal 
heart. 

Fig. 3C . — ^Lead II and .sound tracing from the apex region of a patient with free 
aortic InsufUciency. positive blood Wa.s.sermann reaction and 4 plus Kaim tesi., 
negative blood culture and slgn.s .suggesting mitral Bteno.sls. A presystollc murmur w 
shown and was an important le.ad In establl.shlng this dlagno.?l.s. Autopsy showea 
mitral stcno.sls and bacterial endocarditis of the aortic valve. 


Headphones may be used in either first or second stage and a six-pronged 
socket Is .so arranged that one pair of contacts may be u.«ed for them, one for 
a magnetic or dynamic .speaker, and the third for the recording apparatus. This 
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device ma3' be used u'itli an.y '' shadow tj-pe’' electrocardiograph with regu- 
lation bromide paper, the same time-lines serving for both sound and electro- 
cardiographic records. The standard five-spoke or special single-spoke time wheel 
ma_v be used. 

Both Bowles and Ford t^'pe stethoscope object pieces have been tried but better 
tracings were obtained with the microphone itself applied directh* to the chest 
wall. It was found that low frequencj' murmurs were more easily depicted than 
the higher pitched ones as has been the experience of other workers. Some 
attempt was made to cut out the lower frequencies but no satisfactory results 
were secured from the little work done. 

Certain advantages seem apparent in the above apparatus over other devices 
in use. It is mobile and can be rcadil\' attached to or detached from the electro- 



Fig. 4A. — Lead II and sound tracing from the tliird left interspace. Clinical 
diagnosis was syphilitic aortitis witii well-niarJced double murmur. 

Fig. 4B. — Lead II and sound tracing from second left interspace of a patient with 
syphilitic aortitis and unusually long diastolic murmur. 

cardiograph. Since the sound record is a shadow, it is possible when the electro- 
cardiogram is, and one set of time-lines is used for both. 

.SUMMAKY 

A new apparatus for recording heart sounds is described, consisting essentialh' 
of an amplifier and magnetic radio speaker with a needle casting the shadow- 
comprising the tracing attached directly- to the moving coil. Advantages it is 
believed to possess over similar dewces now in use are enumerated. 

The authors wish to thank Dr. F. X. Wil.«on and Dr. Paul F. Barker of Ann 
Arbor for valuable suggestions. 
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ACQUIKED IXTERVEXTRICCLAll SEPTUM DEFECT 


Repout of a Case 


Dean' F. Staxeev, M.D. 

Deoatur, III. 

A ^IOXG tlie 1-ai‘e, but vpry iutereslinfr, complications of. coronary 
. tlirombosi.s is an acquired defect in the interventricular septum 
produced by rupture tlii-oufrli an infarct involving that structure. 
Altogether .some twenty eases of the condition have been reported in 
the literature, of which the case to be reported is, as far as I have 
been able to find, the third in which the coi-rect diagno.sis has been 
made during life. Although it has been stated that ruptui’C of the 
septum probabU' impo.ses no great additional burden on these hearts 
wliich usually are extensiveh' involved by infarction, it was our im> 
pre.ssion that our patient was greatly sliocked by the rupture, and 
that her clinical cour.se was downhill thereafter. 


eA.SE UEPOUT 

Mrs, C. E, E., liouseH'ifo, agerl .«ixty-onc year.s, fir.st seen in her home at 7:00 
.\.M. on April .8, lOBCi, Ijy Dr. A. F. Goodyear. Site had been well until the early 
morning of that day when .«Iie was awakened by upper epigastric pain radiating 
upward and to both arm.s. This wa.« followed „by seviere and frequent vomiting. 
The heart wa.s not enlarged to .pereus,«ion;Vjthe' tdric.s , we/e 'Somewhat di.sfant and no 
murmur.-; were heard, TemjierHthf(; ivasT!X:4rH^^}\piiise-'C>0,M^^ti<i:.the blood pre.s.=ure 
wa.« .“y.-itolie J40. diastolic' ,S(i mrii, itorpliine mlphiiUi-,/yt 'grairfj was given by 
subcutaneous injection willi .some relief of the ,«ub.sternal pain. ' TliVi fa’indh. the arm.« 
persisted for several hour.s thereafter. At U:(Ui on April 9, 19.80, tlie 
entered Decatur and Macon County Ho.spila! with the diagno.sis of sm-pected coronary 
thrombo.sj.s. Urinaly.si.s at that time showcfd an amber, acid urine, sp. gr, 1.010, a 
trace of albumin, and no sugar. Tliere were 10 to lo pu.-- celhs to the high-power 
field, an occasional red blood cell and an occasional hyaline ca.st. Illood .«tudj' .riiowed 
a hemoglobin of 84 per cent (.Sahli;; red blood ceils, 4,270,000; white blood cells, 
9,800, A liifferential count gave 01 per cent of polymorphonuclear.^ of which .8 per 
cent were band forni.s .'i.'J per cent iymphocyle.s, 4 ])or cent monocytes and 2 per cent 
eosinopliile.s. Blood sugar wa.s l.'!0 mg. 

The patient gradually improved until the evening of April 11, when following the 
giving of an enenia for distention, and wliile slie was on the bedpan, she was sfricketi 
with substernal pain ami went into .shock with sweating, cyanosis, and dy.^pnca, 
1 here develojxid at thi.s time a loud, har.-li, .systolic murmur accompanied hy a 
thrill, located in the fourth inter.spaee just to the left of the sternal border. This 
pcrsisted relatively unchange, J until death, A pericardial friction rub wa.s also heard 
at this time. Blood j, re, -sure wa.s sj'stolic 100, diastolic fiO mm. The patient w.a.s in a 
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precarious condition for two weeks following tliis episode with dj'spnea, air hunger, 
vomiting, and exdiaustion. The blood pressure fluctuated between 98/46 and IlS/oG 



during this period. Dr. M. E. Rose saw the patient in consultation on April 12 and 
was in attendance with Dr. Goodyear for ten week.« thereafter. The patient was 
first seen by the author on April 24 at which time an electrocardiogram was taken. 
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This showed low QKS complexes in all leads: cove-plane B-T intervals with a high 
take-off in Leads II and III ; occasional ectopic beats, all from the same focus and 
apparently ventricular in origin: slight left ventricular predominance. A diagnosis 
of coronary thrombosis of the T, type was made. Other tracings were taken on 
May 5, 193G, and June 1, 19.30, which .showed the usual further changes characteristic 
of serial electrocardiograms taken on patients with acute coronary occlusion. On 
May 28, 1930, the following note was made on her chart by' the author. “I wish to 
get in writing here my diagno.sis of perforation througli an infarct in tiic inter- 
ventricular septum as a cause for the sudden development on April 11, 1930 of the 
loud systolic murmur and definite thrill to the left of the ensiform process.’’ 

After many vicissitudes with episodes that were interpreted as small infarctions 
from emboli involving lungs, brain, and kidney's, the patient left the hospital not 
substantially improved on .July 30, 1930. At home she remained in bed under the 
care of a nur.se. She showed evidence of increasing decompensation. Bight hemi- 
plegia developed and death occurred on Sept. 14, 1930. 



T'ig’. 2. — Photograpii of Iieart of patient. Arrow.s point to the two perforations In the 

Interventricular septum. 


Abstract of Autovsy Jlvyort. — Ur. Perry .1. Melnick, pathologist. 

At autopsy the findings of cardiac decompensation wore quite marked, and in- 
cluded iJitting edema of the lower extremitie.‘>, 2,000 c.c. of clear' yellow fluid in the 
abdominal cavity, 100 c.c. of similar fluid in the pericardial sac, 3,300 c.c. and 
2,000 c.c. of similar fluid in the right and left idcural cavitie.s, respectively, which 
compressed both lung.s, and passive congc.stion of the abdominal vi.seera. TJie im- 
portant findings were in the heart. The hcJirt weighed 330 grn. TJie left ventricle 
was in general 18 rnm. thick, but the po.stcrior wall of the loft ventricle w.'is reduced 
to a thickness of .3 to 4 mm. and was composed of firm whitish tissue — microscopically 
seen to be scar tissue — which bulged backward, forming an aneurysm. The adjacent 
one-half of the inleiwentricular septum wtis similarly composed of a thin Javer of 
firm scar tissue. Near the center of this scarred area in the septum was an oval hole 
12 imn. in dianiefcr with smooth edges, and just posterior to (his large defeet was 
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a smaller one 3 mm. in diameter. The right and left ventricles communicated 
through these openings. The remainder of the myocardium was soft and deep 
chocolate brown. The right ventricle was 8 mm. thick and the conus pulraonalis was 
very distinct. The valves were all unchanged, and the aorta above the valve was 
SO mm. in circumference with only a few fatty and hyaline plaques in the intima. 

In the right coronary artery about 2 cm. from the orifice there was a large calcific 
plaque which completely encircled the lumen and produced an almost complete 
stenosis. The remainder of the right coronary as Avell as the left coronary arteries 
had a moderate number of hyaline and calcific plaques. 

Anatomical diagnosis: Ancient myomalacia, with aneurA-.'^mal bulging of the 
posterior part of the left ventricle of the heart, and of the adjacent one-half of the 
interventricular septum. Multiple (2) spontaneous perforations of the interven- 
tricular septum. )Severe sclerosis of the proximal portion of the right coronary artery 
with marked stenosis of the lumen. Bilateral hydrothorax, hydroperieardium, a.«cites, 
and anasarca. • Clironic passive congestion of the lungs, liver, .spleen, and gastro- 
intestinal tract. Compression atelectasis of both lower pulmonary lobes. Moderate 
eccentric hj-pertrophy of the heart, especially of the right ventricle, with brown 
atrophy of the myocardium. 

Since Sager^ has revietved the literature on perforation of the in- 
farcted septum in eoronarv thrombosis and has very adequately dis- 
cussed criteria for diagnosis and differential diagnosis, no useful pur- 
pose would be served by further discussion here. Since his article 
appeared, two other eases have been reported, those of Kepler, Berk- 
man, and Barnes,- and Gross and Schwartz, ^ in neither of which, 
however, was the condition diagnosed ante mortem. Brunn and Sager 
made correct ante-mortem diagnoses in their eases, and the present is 
therefore, as far as we can determine, the third such case reported. 
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Eadnai, P,: The Action of Acidity on the Heart Muscle. Ztschr. f. KreislaufTorscIi. 

29: 18, 1937. 

The author found that therapeutic doses of ammonium clilorido had no effect 
histologically on tlie heart muscle of tlie rabbit. Larger doses lead to degeneration 
and round cell infiltration. 

It was found that in 3 out of 17 cases in man abnormalities in the electrocardio- 
gram developed: in 2 an A-V block appeared and in a tliird an intraventricular 
block appeared. There is thus a risk of aggravating conduction disturbances >yith 
acid salt therapy in large doses. 

L. K. K. 


de Boer, S., and Brouwer, A.: The Action of Hydroquinine, Hydroquinidine, Qui- 
nine F and Quinidine P on Heart Bate and Eefractory Phase. Ztschr. f. 
Kreislaufforsch. 29: 52, 1937. 

All these drugs cause an incrca.sc in heart rate and a prolongation of the refrac- 
tory phase. 

L. N. K. ^ 

Scarff, E. W-, and McGeorge, Murray: Experimental Eenal Lesions and Blood- 
Pressure in Babbits. Brit. J. Expcr. Path. 18: 59, 1937. 

Many workers have produced hypertension in experimental animals by means 
of a direct attack upon the kidneys ■while other.s, using the .same or similar meth- 
ods, have been unable to achieve the same results. The authors have studied the 
effect upon the blood pre.ssure in rabbits of various forms of renal injury, including 
oxalate nephriti.s, unilateral and bilateral nephrectomy, trauma, ligation of ureters, 
and glomeruli embolism of inert material and killed material in previously 
sensitized animals. The blood pre.ssure determinations were made by means of 
carotid loops prepared according to the method of van Leersum. The blood 
pres.sure of normal rabbits was determined to bo a mean of 90 mm. in systolic 
pressure with a range of 74 to 120 mrn. The blood prc.s.sure of the rabbits was 
carefully standardized o^'cr a period of at least rivo weeks before any of the 
procedures was carried out. In six rabbits, oxalate nephritis was produced by 
the injection of varying quantities of oxalate crystfils intravenously. Unilateral 
nephrectomy was perfonned fourteen days prior to the oxalate injections in two 
of the animals. Simple embolism ■svas produced in a group of r.abbits previously 
subjected to unilateral nephrectomy, by injection of laked red blood corpu.scle.s 
directly into the renal artery. Seven rabbit,« survived long enough to make sati.s- 
factory blood pre.ssure studie.s. In one of the rabbit.s, the remaining kidney' was 
removed, and in another the ureter wsts ligated. Killed streptococci -^vere injected 
into the renal arteric.s of five previously sensitized rabbits. 

Although in many of the animal.s con.siderable impairment of renal function 
■jv.as cau.eed by the.se variou.s procedure.s, in none ■wa.s there found a significant 
ri.se in blood prc.«sarc. 

E. A. IT. . 
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Ascroft, P. B.; Tlie Basis of Treatment of Vasospastic States of the Extremities: 

An Experimental, Analysis in Monkeys. Brit. J. Surg. 24: 787 , 19.37. 

Sympathectomy for relief of severe vaso.spastic states of the lower extremities 
has been successful for many years. However, it was not usually succe.ssful in 
the upper extremities until J. C. White pointed out that the conventional opera- 
tions severed preganglionic fibers to the foot, whereas in the operation for the 
hand postganglionic fibers were cut. White .showed that the failure of post- 
ganglionic section of the st’mpathetics to the hand was due to sensitization of the 
muscle of the vessel coat to adrenalin. He and his coworkers have recently pub- 
lished a series of cases of st'mpathectomies on, the upper extremities of patients 
with vasospastic disorders, performed by preganglionic section. The results have 
been good— as good as those of the conventional operation in the lower extremities. 

The study of the present authors is on the Ehesus monkej', in which the 
sjnnpathetics have much the same anatomical aiTangement as in man. Studies of 
skin temperature following heating of the body and following injection of 
adrenalin have been made. On 12 monkeys sympathectomies of the conventional, 
old 13^36 were performed in the upper extremit 3 ^ In onh' one of those has a good 
degree of vasodilatation jiersisted, and in at least 2 the s 3 -mpathectomized side 
was more sensitive to cold than was the normal side. Eleven of the 12 de- 
veloped an adrenalin sensitivity about 10 times the normal, whereas one was about 
half as sensitive as the others. When the lumbosacr.al S 3 'mpathetic chain was 
excised (2 animals — postgai\glibnic section of lower extremities), the result was 
much the same. In 8 monke 3 's the thoracic chain was cut just above or below 
the third thoracic ganglion (preganglionic section). In none of these has the 
S3Tnpathectomized side constricted as much as in the case of the postganglionic 
.sections. Adrenalin sensitivit 3 ' is onl}' about one-third as intense as after post- 
ganglionic section. The e.xperimental data agree with 'the recent conclu.sions of 
White and his coworkers on the advisability of the new type of .s 3 'mpathectom 3 - 
for vasospasm of the upper extremities. 

H. yr. 

Tannenberg, Joseph: The Bole of Allergy in the Pathogenesis of Progressive 

Thrombosis, Especially in Regard to Changes in the Endothelial Lining of 

Large Peripheral Veins. Arch. Path. 23: 501, 1937. 

The author, in agreement with some and in contradiction to other author.s, finds 
no conclusive evidence in favor of experimental thrombus formation b\' allergic 
processes, although he agrees that repeated injections of antigen can injure the 
vessels. 

Twent 3 ’'-four rabbits were used. Each animal was prepared b 3 ’ nine intravenous 
injections, over the course of three weeks, of some one antigen. Sheep serum and 
killed pneumococci and streptococci were used. From seven to eighteen daA's 
after the last of these injections the right jugular ;ind femoral veins were made 
narrower bA' means of ligatures placed asepticalh'. The antigen (living or killed) 
was then injected into another vein and the animals were killed twenty-foiir hours 
later. The control animals were of two sorts: those fully prepared but receiving 
in all one dose of antigen.. The jugular and femoral veins of the controls were 
constricted by ligature. Several sections of various veins were stained and 
studied. In a high percentage of the immunized rabbits (both those fully treated 
and the fulW immunized controls) small inflammatory lesions were found in the 
pulmonary arteries and in the heart, and this occurred only once in 50 of those 
control animals which received a single injection only. This obviou.sly does not 
imply that these lesions have allergic origin. None progressed to thromliosis. 
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What thrombi did appear appeared onl 3 ' near the points of constriction bj' ligature 
and were no more frequent in immunized than in nonimmunizcd controls, ap' 
parently indicating that the thrombi that appeared were of traumatic origin. 

H. ]sr. 

Freyberg, E. H.: Eelation of Experimental Atherosclerosis to Diets Eich in 

Vegetable Frotein. Arch. Int. Afed. 59: 6G0, 10.37. 

Newburgh and Squier (1920) and Newburgh .and Clarkson (1023) have .shown 
pre'vriou.sU' that a diet rich in animal protein produces atherosclerosis in rabbits. 
Eight of 11 animals that were fed a diet containing 27 per cent animal protein 
for more than six months became atherosclerotic. The occurrence and extent of 
the sclerosi.s is roughlj' proportional to the duration of feeding of meat. It had 
also been shown that the cholesterol content of these diets was too small to be the 
cause of the atherosclerosis. 

The present authors studied the efTect on r.'ibbits of feeding diets rich in pro- 
teins of vegetable origin. Diets containing 33 and 37.8 per cent of vegetable pro- 
tein fed to twelve rabbits for as long as eleven months failed to jiroduce 
athero.sclerosis. 

II. W. 

Grant, F.: Circulation in Pneumothorax. Deutsches Arch. f. klin. Med- 178; 070, 

1936. 

Fortj' patients in whom pneumothorax was performed for tuberculosis were studied. 
The pulse was found to be .slightlj' slo^ver following pneumothorax, and there was 
less sinus arrhj'thmia. Ventricular extrasystoles were produced in 8 cases. In 
all instances the electrocardiogram .showed a right axis deviation due doubtlcsslj" 
to a depression of the diaphragm. Occasionall.v there occurred reversible changes 
in the S-T and T-waves. 

L, N. K. 


Nothhaas: The State of the Peripheral Circulation in Health and Disease. Klin. 

Wchnschr. 15: 778, 1930. 

The author determined heat elimination of the right hand bv' a calorimeter. 
He found that the intraculaneous ■wheal produced b.v aohan caused a sharp de- 
crease in heat elimination in the normal man (40 men of from twenty to fifty 
years of age). In 30 patients -ivith gastric ulcers and 11 %vilh bronchial asthma 
this stimulus was found to cause an increase in heat elimination in two-thirds of 
the eases. The other one-third sho'wed a small decrease. 

L. N. K. 

Jorcs, A.; The Bole of the Hypophysis in High Blood Pressure, Especially in Es- 
sential Hypertension. Klin. Wchn.schr. 15: 841, 1936. 

Serum extracts of some patients with high blood pre.ssure in which serum 
albumin had been precipitated bv' sulphosaIic\'Iic acid caused an increase in 
adrenal cortex of infantile mice. Thi.s re.«emble.s the re.spon.so to corticof ropic hor- 
mone. The two prodnct.s resemble e.ach other chemicallj' al.-'O. Thi.s adrcnal-corfcx- 
stimulating substance was found in six ca.ses of essential hypertension. It was 
not pre.scnt in any of the eight examined patients with eclamp.sia and pregnancy 
toxemias. In four cases of renal high blood pressure and pneiimOTiia, a notice- 
able cortical response was found in one and a slight one in the other three. It 
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was present in all six cases of apoplexy* occurring in essential h\'pertension. The 
author believes that the results indicated that he has demonstrated that the 
hypophysis does play a role in In'pertensiori. 

L. hr. K. 

Baab, W.: Excitability of the Vasomotor Centers in Man. Klin. V^chnschr. 15: 

851, 1936. 

Excitabilitj' of vasoconstrictor . center increases vuth age in man when the 
blood pressure is normal. In acute, nephritis the excitabilit 3 ’ is unchanged; in 
hypertension and arteriosclerosis it is markedly* increased. Hj'popln'sial material 
has no effect on excitability. Morphine and luminal decrease the excitabilit}' of 
the center in hj-pertensive patients. Carbon dioxide changes affect the vasomotor 
centers of old and established hj'pertensive patients much as anoxemia and local 
acidosis of the centers do in animals. 

L. hr. Iv. 

Plaxman, Nathan: Auricular Eibrillation. J. A. hi. A. 108: 7.97, 1937. 

Auricular fibrillation, the most common form of arrln'tlmiia in hj’pertensive heart 
disease, occurred in loS (23.3 per cent) of 623 patients with this disease. It definitely 
infiuenced the course of the disease in -forty-four patients (27.S per cent) in ■whom 
the rapid irregularity preceded and precipitated the congestive heart failure and led 
to an earlj’ death from this cause within one month after the onset in eight (18.1 
per cent) of the fortj'-four patients. IVhen the auricular fibrillation occurred after 
congestive heart failure had been present from one month to several years, it had 
no apparent influence on the course of the disease e.vcept in relation to the cause of 
death , and tiie comparative absence of additional occurrences common to appear in 
hjT)ertensive patients. 

Author. 

lOisiecki, A., and Flek, S.: The Circulation in the Coronary Arteries of the Heart. 

I, The Minute Volume Flow. Ztschr. f. Biol. 97; 7, 1936. 

In dogs weighing S to 25 kilograms the flow in the coronarv .sinus was found to be 
100 c.c. per 100 gm. heart per min. on the average. The size of the coronar\' 
arteries depends on the aortic pressure, the. state of contraction of the heart muscle 
and the tone of the coronarj' vessels. Enlargement of the coronarj' vessels bj' 
elevated arterial pressure or deerea.sed tone accompaiyving anoxemia increases 
the coronar\' flow. 

H. The Movement of Blood in the Coronary Arteries. Ztschr. f. Biol. 97: 12, 19.36. 

The rate of flow in the coronary arterj- at normal aortic pressure and heart 
rate is constant. When the arterial pressure is high and the rate slow, the flow 
is slower during sj-stole than diastole. The contracriiig heart offers resistance to 
flow, and, when powerful enough, it stops flow entireh*. Yet -n-hen contraction 
is increased following elevation in pressure, the minute volume is increased, the 
increase in flow during diastole compensating for the decrease during .sj’stole. A 
. sj'stolic acceleration of flow (such as described b.v Hoehroin) occurs onl.v when 
the coronayv vessels constrict. 

in. Movement of Blood in the Coronary Sinus. Ztschr. f. Biol. 97: 19, 1936. 

Flo-u' in the corohar%' sinus depends on pressure and the ventricular contrac- 
tion pressure. Changes in the right auricle have no effect. During ventricular 
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systole, there is an acceleration of flow. Slowing the heart JecrcascB flow in the 
coronary sinus as the pressure within it falls during the long pauses. The heart 
has a massaging action on this flow. 

IV. The Problem of Vasomotor Nerves — ^Action of Adrenalin. Ztschr. f. Biol. 97: 

23, 19.36. 

There is a proportionality between the increase in aortic pressure and coronary 
flow. Soon after adrenalin one finds a decrea.se in flow when aortic pressure does 
not change and the heart doe.s not accelerate. The so-called coronary dilator 
action of adrenalin is due to an incre.'ise in mechanical factors which accelerate 
coronary flow. 

V. Action of Vagi, Pilocarpine and Carotid Sinus Eeflex on the Coronary Plow. 

Zt.schr. f. Biol. 97: 34, 1936. 

The decrease in flow following vagus stimulation is due to a decrea.se in cardiac 
contraction and a fall in blood pre.s.sure. When arterial pre.s.sure i.s prevented 
from falling, an increase in coronary flow is found. The coronary ve.s.sel.s appear 
to be dilated by the vagu.s. Piloc.arpine cause.s an inerea.se in coronary flow when 
the heart is at a stand.still. The carotid sinus reflex alTects the coronary flow 
secondarily by its effect on rhe mechanical factors controlling coronary flow. 

L. N. K. 

Coburn, Alvin F., and Moore, Lucile V.: The Independence of Chorea and 

Eheumatic Activity. Am. .1. 8c. 193: 1, 1937. 

One-half of the cases of chorea under observation occurred in nonrheumatic sub- 
jects. 

Approximately one-fourth of the ca.se.? of chorea occurred in quie.sccnt rheumatic 
subjects. 

Appro.ximately one-fourth of the ca.se.s of chorea occurred during active rheuma- 
tism. 

Uncomplicated chorea i.s acconipanied by normal blood sedimentation rates. 

Cliorea per .se does not suffice for the recognition of tiie rlieumatie subject nor 
for the diagnosi.s of rheumatic activity. 

AfTJion. 


Gross, Louis, and Friedberg, Charles K.: Lesions of the Cardiac Valves in Eheu- 
matic Fever. Am. .T. Path. 12: S5o, 1936. 

There are de.'-cribed the incidence and gro.«s and micro.scopic appearance.? of 
Ie.=ion.= in the valves, valve poehet.?, and chordae tendincac occurring in 97 ca.ses 
of rheamatic fever. These ca.^-e.? are divided into nix clinical group.? which reptesvnt 
various course,? taken by this di.^-en.^e. If is shown that each group pre.^^enfs certain 
gross and micro.-copic features which bear a relation to the clinical grouping. 
.Xnatomicfil evidence i.s pre.-ented which sugge.sfs that the course taken by the di.sease 
a“ v.-ell as the re.sponse of the ti.'-Tue may Is? determined by the relative state of 
immunity. This doe? not, however, imply that rheumatic {ever is primarily an 
allergic diserise. Neiv m.acro.scopic and micro.scopic data are j>resenfed on the 
development of llie rlieumatie le.'ion.s in the valves, and a discussion I.s given of the 
fju'tor? wiiich detoimine the spread of infection, the localization of the verrucou.s 
and other le,rion.«, the exU-nt of the valvular damage and the jmthogene.sis of the 
char.-icteri.stic deformities of the vaB-ular apparatu.s. Certain stigmas of the 
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rheumatic process occurring in compleiely healed valves arc described. These supply 
additional data vhicli are of value in elucidating the pathogenesis of other cardiac 
lesions. A description is also given of the changes wliicli take place in nonrheuinatic 
valves during the first eight decades of life. 

AuTiion. 

Page, Irvine H., and Heiier, George J.: Treatment of Essential and Malignant 

Hypertension hy Section of Anterior Nerve Boots. Arch. Int. IVled. 59: 245. 
■ 1937. 

Evidence of varied nature indicates that, as part of a more generalized vaso- 
constriction, vessels of the splajichnic area are narrowed in patients suffering from 
essential or malig-nant hypertension. Since no contraindications are known for 
reduction of the arterial pressure in such patients and there is no known medical 
treatment of more than temporal^ value, it appears to be justified to attempt to 
abolish the e.xtrinsic vasomotor control of this area by section of the anterior 
nerve roots with the hoi)e of reducing the arterial pressure. It has seemed desirable 
also to learn more of the part played by the nervous system in the genesis of 
hypertension. To this end seventeen patients have been subjected to tlie operation 
of section of the anterior nerve loots. 

No attempt was inade to select j)atients in whom in our opinion a favorable out- 
come might be anticipated. Six patients showed benign involvement of long dura- 
tion, three of them witli moderate vascular changes and tliree witli severe changes. 
Six were young Avomen with signs and symptoms of the “hypertensive dienceplialic 
syndrome.” Five suffered from highly malignant hypertension. Tlie results of 
operation are therefore not comparable exceiff Avitliin the subgroups. 

While the ultimate effect of this operation on the natural course of hypertension 
cannot be foretold, from a study of these patients for periods of from eight to 
thirty-seven months after operation, the folloAving results may be listed : (a) Throe 
patients in whom the disease Avas seA’ere but still benign and Avithout adA’anced 
vascular change responded AA'ell. (b) One of three patients Avith more advanced 
involvement of long standing, Avith marked sclerotic but benign A'ascular changes, 
responded favorably. The headaches AA-ere relicA’ed in the second and third cases, but 
the progress of the disease Avas unchecked, (c) Six young patients exhibiting tlie 
“hypertensive diencephalic syndrome” appeared benefited, (d) Three of those suf- 
fering from highly malignant hypertension AA'cre unaided by the operation, and tAVO 
appeared to be improved. The faA'orable responses haA'c been a marked, prolonged 
loAvering of the arterial pressure, the remission of such symptoms as headaclie, 
])ressure in the head and easy fatigability ami marked improvement in the disposi- 
tion. Other evidence of improvement in some of tlie patients has been relaxation 
of the spasm of the arterioles in the retina (eleven cases), absorption of exudate 
(two cases), disappearance of papilledema (three cases), and secondary glaucoma 
(one case), slight reduction in the size of the cardiac shadoAV in the roentgenograms 
(eight cases), and reA-ersal of the T-aa-ua'c from the inverted to the upright position 
in Lead I (tAA’o cases). There. has been a definite tendency for a sIoav rise in pre.s- 
sure to occur over a period of two and one-half years in most, but not all, patients. 
Judgment must therefore be reserA-e.d as to the ultimate effects of the operation on 
the natural history of the disease. 

Although marked anatomical change Avas present in the vessels of some of the 
patients, this, did not prevent a marked fall in the arterial pressure, Avhich per- 
sisted long after the patient had recoA’ered from the immediate effects of the opera- 
tion. This demon.strates tliat anatomical changes in the vessels do not account for 
the persistence of hypertension. 
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Ecnal efficiency, as measured by tlic urea clearance and the ability to concentrate 
urine, was unchanged either by the partial denervation of the kidneys, which re- 
sulted from the operation or from the fall in blood pressure. 

In those patient.s exhibiting the "hypertensive diencephalic s^mdrome," a 
marked lowering of the blood pressure did not cause it to disappear. If this 
syndrome is the somatic expression of irritation of vegetative centers in the brain 
stem and is not abolished by a reduction of the arterial pressure, it is probably not 
caused by elevation of the arterial pressure. 

The operation of laminectomy docs not of itself reduce the arterial pressure for 
more than several weeks. Transverse myelitis at the eleventh thoracic segment re- 
duces it for prolonged periods (one patient was studied for nine months). These 
observations, with those concerning the effect of section of the anterior spinal nerve 
roots on the arterial blood pressure, suggest that the nervous system plays some 
part in the genesis of hypertension. 

Although the operation has markedly improved the clinical condition of many of 
the patients studied for periods up to two and one-half years, its ultimate value 
in the treatment of hypertension has not been established. 

Autiiok. 

Adson, A. W., and Allen, E. V.: Essential Hypertension: General Considerations 
and Report of Results of Treatment by Extensive Resection of Sympathetic 
Nerves and Partial Resection of Both Suprarenal Glands. Proc. Inter-State 
Post Grad. Med. A. North America, 181-19], 19.3C. 

Essential hj-pertension is a serious disease which seems to account for the 
deaths of about 2.'1 per cent of all patients who arc older than fifty years. Medical 
treatment is far from satisfactory in many instances. TJie idea that it is dangerous 
to lower the blood pressure in essential hj'pertonsion has been dcilnilely disproved. 
The elevation of the blood prc.ssurc in es.sential hypertension is produced by an 
increased resistance to the flow of blood through the peripheral arterioles. The 
impediment offered to the flow of blood through the peripheral system in essential 
hv-pertension results either from functional changes, that is, vaso.spasm, or from 
organic changes, or from a combination of both. 

Surgical treatment wJiich is an attempt to diminish arteriolar tone in hjT)ertension 
has been carried out in a group of patients whose hypertension was progre.ssive and 
not satisfactorily controlled by medical treatment. The operation performed is a 
bilateral two-.stage re.section of the .splanchnic nerves, the upper lumbar sympathetic 
chain and partial suprarenalectoniy. The rc.sults vary from c.xtromely good to ex- 
tremely poor. If the blood pre.s.sure re.sponds poorly preoperativoly to rest, in- 
travenous injection of pentothal sodium, administration of sodium ainytal or sodium 
nitrite, the results of operation arc invariably poor. If the blood pre.ssure respond.^ 
.snti.sfactorily prcoperatively to the measures noted, the results of operation are usually 
but not uniformly good. Patients are benefited symptomatically in a higher per- 
centage of the instances than the blood pressure is satisfactorily influenced. Mflien 
the blood pressure is satisfactorilj- reduced by operation, sj-mptoms such as headache 
and pain in the left thorax arc almost uniformly relieved, retinitis may disappear, 
narrowing and apjjarent sclerosis of the retin.al arterio.s may bo greatly minimized, 
transver.se diameter of the heart may decrease, inverted T-waves in the electrocardio- 
gram may become upright, albumin may disappear from the urine, and the renal 
function may be improved. As a rc.sult of the operation mentioned, the sweating 
function of the lower cx-tremitie.s i.s lost and the cutaneous ternper.ature in this 
region is increa.'Od. The menatrual cycle and child-bearing function of the female 
arc cot di.sturbed. .Sexual functions and ability of tiie male are not significantly im- 
paired although ejticniation may not occur with orgasm. Orthostatic hypotension and 
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tachycardia are commonly noted following operation, but these disappear gradually. 
Although the interval since the operations, have been performed is still comparatively 
short, there is evidence to justif}* an opinion that extensive subdiaphragraatic sym- 
pathectomy has been of value in reducing the blood i)ressure in essential hypertension. 

Author. 

Kramer, David W.: The Use of Acetyl-^-Methylcholine Chloride by Iontophoresis 

in Peripheral Vascular Diseases. Am. J. M. Sc. 193: 405, 1937. 

Acetyl-p-methylcholine chloride (mecholjd) is recognized by investigators as the 
most desirable preparation of the choline gi'oup for peripheral vascular disease. 

. Iontophoresis, or ionization, is the more direct and logical method of administer- 
ing it in vascular disturbances. It is simple and practical. 

In a series of 30 patients observed in tlie course of over 350 treatments, there 
were no serious untoward effects. Twenty-two patients (73 per cent) were bene- 
fited, 3 were helped only temporarilj' and were added to the 5 failures, giving a 
total of 8 (27 per cent). 

The best results -were obtained in the vasospastic groxip, 87 per cent responding 
favorable and excellently in the small phlebitis series; the diabetic cases showed 
a 65 per cent favorable response and the Buerger disease group 55 per cent. 

Symptomatically, mecholyl had a decided influence upon fatigue and cramps 
regardless of the underlying lesions. It did not control the pain so readily, par- 
ticularly in the diabetic and thromboangiitis groups. 

The results of these observations evidently concur with tlie findings of those wlio 
investigated the pharmacological and physiological properties of acetyl-jS-methyl- 
choline chloride and suggested that it had possibilities in the treatment of peiipheral 
vascular diseases. "While it does not cure, mecholyl undoubtedly does give relief 
in many cases by improving and increasing peripheral circulator}- function. 

Author. 


Moissejew, S.: Dsmamics of the Korotkow Sounds During Application of "Warmth 

to Different Regions of the Body. Ztschr. f. Kreislaufforsch. 29: 78, ,1937. 

In many of 97 observations of blood pre.s.«ure takcji by the auscultatory method 
during application of heat to various portions of the body, it was noticed that the 
■Korotkow sounds grew very weak (32 eases) or disappeared entirely (21 cases) for a 
.short and variable period of time. Tlie source of heat or the site of atiplication, made 
little difference except that when larger areas, such as the whole back, were exposed 
to heat, the sounds were more likely to disappear completely. The change in the 
sounds occurs after approximately fifteen minutes of heating. Tlie source of heat 
was, in most of the observations, an infra-red lamp, in a few, hot-water bottles, and 
in others, a current of hot air. 

The author attributes the decrease in intensity of sound to increase in degree of 
contraction of the smooth muscle of the artery walls. This follows to a certain extent 
the reasoning of Janowsky. He concludes that on warming the body or parts there- 
of, a histamine-like substance is released, which stimulates the parasympathetic nerve 
endings and increases the tone of the large arteries. Unfortunately, records of the 
frequency of the sounds — records which might have given some information as to 
changes in clastic state or tone — were not taken. The conclusion drawn seems in 
this light unjustifiable, but recognition of the phenomenon is of considerable im- 
portance. 
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Chiari, H.: Concerning the Pathology of Peripheral Vessels. Wien. klin. 

Wchnschr. 50: .31)5, 1037. 

The title i.s misleading in that remarks arc confined entirely to the arteriovenou.s 
connections known as glomeri and tumors of these. The successive steps in their 
recognition and dc.scription arc clearly and concisely reviewed, an equally clear and 
brief description of the current studies of microscopic anatomy is given, and the 
theories advanced a.s to their function arc pre.sented. The author then de.scribes the 
occurrence of glomus tumors (angio-neuro-myoma) of which he has seen thirty-four 
cases. They usually occur in the fingers or somewhere on the upper extremity (21 
instances) and give ri.se to pain, burning, and local heat. Because of the local 
elevation of temperature in these tumors which may be considered as pathologically 
enlarged glomeri, the author believes that the function of the glomus is one of heat 
regulation, as first suggested by Hoycr, rather than a regulator of blood pressure and 
cardiac work. 

J. M. S. 

Allen, E. V.: The Peripheral Arteries in Raynaud’s Disease: An Arteriographic 

Study of Living Subjects. Proc, Staff Afect. Alarm Clin, 12: 187, 1937, 

The digital arteries of most patients with Raynaud’s disease usuall}' arc not 
filled normalh' in arteriograms. Two common findings in the arteriograms in such 
cases arc absence of filling of the di.slal parts of digital arteries and diminished 
caliber of such arteries. Arteriograms of asthenic individuals who do not have 
Raynaud ’s disease may reveal the .«amc changes that the arteriograms in most casc.s 
of Raynaud’s disease do. Some patients with Raynaud’s disease, however, have 
normal arteriograms, 

Cervicothonicic .synijiathetic ganglionectomy for Raynaud’s disease may or may 
not produce normal filling of digital arteries wliich did not fill normally before 
operation. Evidence of intrinsic arterial di.‘'ca.so manifc.sted by sudden interruption 
of the lumen was observed in only two digital arteries and i.s therefore considered 
a finding of questionable importance. From an arteriographic standpoint, the digital 
arteries are not significantly diseased in an organic way in Raynaud ’s di.sease. If a 
“local fault’’ is re.sponsible for Raynaud’s discjise, it does not appear in arteriograms 
as an organic one. Neverthele.'-'.s, arteriogr.aphy does not exclude .such a “local 
fault ’ ’ in Raynaud ’s disease since the arteriograms reveal changes in only the 
lumina of the arterie.s. 

Autiiok. 

Roesler, Hugo: A Roentgenological Study of the Heart Size in Athletes. Am. .T. 

Roentgenol. 36: 849, 1930, 

Four cases are reported and it is demonstrated (1) that the he, art in healthy 
athletes may occasionally reach a size 'vliich justifies the diagnosis of .slight enlarge- 
ment and (2) that a diminution may fake place after ce.«safion of training, 

Rautniann’s concept of tests of speed and tests of endurance is given in relation 
to a possible cardiac response. Kirch’s anatomical studies on the hearts of athlete.s 
are cited and critic.ally analyzed. 

AfTJfOK, 

Sgalitzer, AL, and Demel, R.; Differentiation Between Functional and Organic 

Diseases of the Peripheral Arteries by Roentgen Ray Studie.s, Wien. klin. 

Wchnschr. 50: 319, 1937. 

Tiio differential diagnosis }>ctween the several organic dise.ases of arteries can 
often bo made with considerable accuracy by injecting opaque fluids info arteries. 
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'•'Primary arteriosclerosis’’ begins with a widening of tbe arterial lumen and 
eventually exliibits very irregular narrowing. Endarteritis obliterans and Buerger’s 
disease begin with smooth regular narrowing which slowly progresses. The boundaries 
of the opaque medium are smooth and clear. Embolic closures of arterial luniina 
give rise to sharp shadows with a border convex proxinially where the tilling of the 
lumen ends abruptly. Spasm of the arteries is often recognizable by the concentric 
narrowing and bj' the smooth lance-form end of the shadow. The most important 
means of distinguishing organic from spastic disease arises, however, from the 
observation that dilatation of the arteries and arterioles tahes place almost im- 
niediately after the injection of the solutions of organic iodides such as uroselectan. 
The authors’ procedure has, therefore, been to follow the first injection by a second 
in ten minutes, to take films after each injection and compare the width of the 
arterial lumina in the two series of photographs. If the diameter of the vessels is 
different in the two pictures, the amount of widening in the second is a measure of 
the degree of spasm which existed. The method is said to be especially useful in 
distinguishing the relative degi-ee of spasm and of organic disease in cases in which 
the two are combined. In addition, the authors state that therapeutic effects of 
release of spasm bj’ the iodide solution have been observed to have a beneficial effect 
for as long as Ijeriche’.s operation upon the nerve supply to the arteries. 

J. M. S. 

Pearson, Gertrude E. G.: A Note on the Calcium Aspirin Therapy of Chorea. 

Canad. JI. A. .1. 36: 516, 1937. 

Calcium and aspirin were use.d in 2.3 cases of Sydenham’s chorea with marked 
clinical improvement and a shortening of the average duration of the chorea. 

Spinal fluid calcium estimations in 23 cases of chorea showed that there was no 
minimum figure below which chorea occurred. Variations in the calcium level in the 
spinal fluid were found ranging from 2.0 to (5.4 mg. per cent during the attack of 
chorea and after the chorea had subsided still ranging from 2.8 to (5.6. 

With calcium and aspirin 17 cases of chorea showed an increase in the calcium 
of the spinal fluid, with a disappearance of the chorea; (5 cases showed a decrease 
in the spinal fluid calcium, also with a disappearance of the chorea. Many of the 
cases showing an increase later showed a decrease to the former level or below it, 
with no return of the chorea. 

Some patients returned to the hospital several months after discharge with a 
recurrence of chorea, although the level of the spinal fluid calcium remained the 
same, or was higher than on discharge. 

AiTnot:. 


Muller, E. A.: The Action of Oardiozol and the Eespiration and Metabolism in 
Pemoctonnarcosis. !Med. Klin. 32: 495, 1936. 

The author states that cardiozol in the narcotized dog relieves narcosis, in- 
creases both respiration and metabolism and improves the state of both the 
respiratory and cardiac centers. 


L. N. K. 
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and definite trepopnea (E P L S).* When supine lie experienced dyspnea and dis- 
comfort in the chest wliich forced him to turn. He had liad attacks of nocturnal 
dyspnea since 1933. TIie.se paroxysms were lii.s cliief complaint. They were .severe, 
lasting thirty to forty-five minute.s, compelling him to get out of hed and lean for- 
ward. He stated that he had never awakened in an attack without finding himself 
in the supine po.sition, and that he did not recall awakening on his back without 
being in the mid.st of a paro.xysni. His wife volunteered the information that she 
had often seen him asleep on his back '‘panting” heavily. She had found that 
if she could roll him over on the right side, the “panting” would stop, whether or 
not she awakened him in so doing. If .she did not turn him on his side, he would, 
before long, have one of his severe “.spells.” 

Ca.se 2. — M. H., a woman of thirt 3 '-four j’cars, had rheumatic heart di.«ease, mitral 
insufliciencj' and steno.si.s, possible imlmonic insutlieiencj', moderate cardiac enlarge- 
ment, left bundle-branch conduction defect, and trc])opnca of choice t (R P S I/). If 
she laj’ on the left side, she experienced .shortness of breath, a choking .sensation 
under the sternum, a pressing feeling over the heart, and a sense of fatigue. 
When first seen on March 2, 1930, the patient stated that .she could not rc.st on the 
left side; if she turned on that side while asleep, she would wake up at once. 
We asked her to ob.serve her s.vmptonis and report to us later. When she returned 
she told us that on klarch 2 she had gone to .sleep Ij'iiig on the left side, despite 
moderate discomfort. During the night her husband found her a.slcep on her left 
side in a severe fit of “choking.” He wakened her and helped her to sit up. Siie 
felt “smothered,” “very tired,” and “dizzj’. ” ftlic did not know what was 
wrong, but thought she was “read}' to pass out.” After some minutes she recovered. 
The patient was seen again on March 8, 1937, complaining of increased dy.spnca 
and fatigue of a month’s duration. She stated that occasionallj' during the past 
year, and three times during the preceding two weeks, her husband had found 
her Ij’ing on her left side, asleep, in the midst of a “choking attack,” and had 
wakened her. She never experienced these attacks in any but the left lateral 
position. She obtained relief each time hy rolling to the right side. Her sensations, 
on awaking, were a smothering, choking feeling, marked fatigue, and a “funny, 
sharp little pain” in tlie lower sternal region. On April 5, 1937, she came in again, 
with the report that on April 2 her husband had been wakened from sleep bv' 
strangling noi.^es coming from her. He found her Ij’ing on the left side, in another 
.severe choking fit. He awakened her, and helped her into a sitting position. .She 
had marked dj’spnea and cough for ten minute.s, and was drenched with perspiration. 
After the attack .sub.«ided, she hij- down on the right, side and went to slcex), but 
even the next morning she did not feel quite like herself. The husband had never 
found her a.^lecp on her left side, e.xcept when she was having an attack. For several 
daj’s prior to this recent jiaroxysm of nocturnal dyspnea, she had been c.xerting her- 
self more than u.«ual helping a woman “clean hou.se.” 

Cake 3. — R. M., a woman of forty -four j'ear.s, had lij’pertensive cardiova.scular 
diseaw and moderate enlargement of the heart, and siifTered with both dj’spnea and 
angina of effort. When we saw her on Nov. 12, 1930, she had trepopnea of neccs- 
sitj' fit PS L). ,lf she laj' on the left side, she fell a pres.sing at the apex, extend- 
ing to the left chest posteriorh- (not anginal) and “got all stuffed up and 
couldn’t breathe.” .She .stated that often in the middle of the night, she had 
wakened Ij’ing on the left side, with a “funny, .short cough,” “all choked up.” 

•For the .sake of brevity, .-in indfvIduiU'fl relative preference for v.arlou.s recumbent 
positinn.s will be Indlcatfd by a .-erle.s of letters: K-rtrrbt lateral; r^feft lateral; 
P-pron.-; anil S-.»uplne. The nr.st letter tn the serlc.s ts the mo.sl favorable po.sfllon, 
the I.-ist letter ts the most unfavorable. “It P L S’’ Sn(lfc.'ite.« that the patient i.s 
itioH comrorlable on tisc risbt, lea.st comfortalilc supine, and has an intermediate 
preference for the other two posltlona. 

ffrep.-tiinea of cboiee” and “trepopne.a of necessity’' ,'ire used fn this paper In 
the same sense that “orthoime.-i Of ciioice" and “orthopnea Of nocesMity" have been 
useti in the past. 
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"When sjTnptoms were mild, slie was able to terminate them by turning on her riglit 
side. When they were severe, she had to .sit up for about five minutes before slie 
could get her breath. She died of cerebral hemorrhage on Dec. 8, 193(i. 2Cecropsy 
disclosed a heart weighing 4.30 grams, with a thick left ventricular wall and sclcros^ed 
coronary arteries; 

-Case 4. — G. H., a man of forty-three years, had rheumatic heart di.«ease, moderate 
cardiac enlargement, mitral stenosis and imsufficiency, and auricular fibrillation, 
Trepopnea (R T? S L) was first noted in 1934, during an upper respiratory infection. 
Since that time it had fluctuated in intensity witlx variations in his circulatory 

efficiencj'. If he laj' on the left side he experienced a "blowing up" in las left 

chest, shoulders, and arms, and felt choked. Sometimes a coughing spell occurred. 
When, his trepopnea was marked, he frequently woke up on his left side in the 

middle of the night in an attack of dy.spnea and cough, and had to sit up for 

many minutes to get his breatli. He was convinced that these paroxysms were 
produced by turning on the left side during sleep. For some time he had tried 
to prevent this occurrence by putting a pillow close to his back as lie lay on the 
right side so that he would have to “roll up hill" to get on the left side. 

Case 5. — M. C., a man of forty-two 3 ’ear.s, had syphilitic aortic insufficiency, 
marked cardiac enlargement, and congestion of the lungs. Trepopnea (P L R S) 
first appeared with the onset of congestive failure in January, 193G. Tlie symptoms 
induced by lying on his back were dyspnea, choking, and discomfort in the center 
of the chest. In January, 193G, he began ha\’ing the experience of waking up in 
the middle of the night, feeling short of breath and tired, as though he “had been 
running." He stated that he was usually lying, on his back at such times. On 
further questioning he was not absolutely certain of this, but stated that the attacks 
must have been caused by lying on his back, because the sensations with which he 
awoke were identical with those he experienced during the day when he lay on his 
back for any length of time. On June 13, 193G, he entered the hospital with engorge- 
ment of the veins and liver, with no pulmonary congestion. Trepopnea and 
paroxysmal nocturnal dyspnea had both di.«appcarcd, but he preferred sitting to 
lying. He died of lobar pneumonia on Oct. 2, 193(i. The heart weighed 900 grams 
and showed sj-philitic aortic insufficiency. 

Case G. — N. 3^1., a woman of forty-three years, had congestive heart failure, 
sjqfliilitic aortic insufficiency, large uterine fibroids, and a combination of trepopnea 
with orthopnea (R P S L). On Jan. 21, 393G, she was asked to lie on her left side. 
Within a minute she was forced to sit up, coughing and breathing heavily. The 
attack lasted five minutes. She stated that .she often had attacks of this sort at 
night, which awakened her from sleep, but that when she awoke .‘^he was on her 
back, as a . rule, not her left side. She died on INfarch 7, 193G. The heart weighed 
550 grams and showed s^-philitic aortic in.sufficiency. 

Case 7. — W. S., a boy of seventeen years, had congestive heart failure, rheumatic 
mitral and aortic valvular disease, marked cardiac enlargement, and trepopnea of 
necessity (R S P L). "Wlien on the left .side, ho became cyanosed, the respiratory 
rate increased and he complained of p.ain in the right upper quadrant and a sense 
of choking. He stated tliat he had never experienced nocturnal dy.spnea bcc.'iuse he 
never had lain on the left side, even during sleep. On the night of March 17. 

: 1937, the patient was a.sleep, lying on the right side. One of us turned him on the 
left side without waking him. He stayed in that position for twenty .second.?. Tiien, 
without waking, he returned to the right lateral position. A second time he was 
turned on- the left side. .:Vfter fifteen seconds, he turned on the right, still asleep. 
A third time ho was turned on the left side. This time he stayed there for a minute. 
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He tlien became quile dyspnoic, woke up, sat bolt upright., almost before he was 
completely awake, breathed hard for half a minute, lay down on his back and 
went to sleep. The next morning, he had no recollection of these events. From 
^tfarcli 17 to March 30, 1937, observation hy the ward nurse demonstrated the 
fact that he never .slept on his left side. On the latter date we again turned him 
into that position while he was a.slcep. He lay there for about half a minute. Then 
he began to cough and to breathe more forcefully. Shortl}- thereafter he awoke, 
and sat up coughing and breathing heavily for five minutes. After the cough subsided 
and breathing became normal, he lay dorni on his back and went to sleep. This 
paroxysm was like the one of March 17 except that it was of longer duration, cough 
was a prominent feature, and he remembered the episode the next morning. During 
the first week of April congestive failure began to sub.side. At the same time 
trepopnea diminished markedlj’. At a later date (April 24, 1937) the patient was 
able to sleep on his left side in apparent comfort. 

The evidence supplied by the foregoing case reports would seem to 
warrant the following sfatements: (1) The inanife.station.s of paroxys- 
mal nocturnal dy.spnea clo.sely rcsemhle certain of the symptoms of 
trepopnea ; they seem identical to an observer, and to some patients 
who have experienced both. (2) Certain individuals with trepopnea, 
who have paroxysmal nocturnal dyspnea, helieve that their nocturnal 
attacks are caused hy the involuntary assumption of an unfavorable 
recumbent position during sleep. This belief is based upon their find- 
ing themselves in an unfavorable recumbent position whenever they 
awake in a paroxysm, and upon their being able to terminate mild 
attacks by turning over. The belief is .so fii'ml.y fixed in some, that it 
has led them to adopt preventiA'e measures (Case 4). (3) The wife 
in Case 1, and the hu.sband in Ca.se 2, felt convinced that the paroxysms 
of noctunial dyspnea of their re.spcetivc partners were produced by 
the assumption of one recumbent position, and Avere prevented or 
aborted by the as.sumption of another. (4) One man (Ca.se 7) awoke 
with a paroxysm of nocturnal dy.spnea when he was turned on the left 
side during sleep, 

Conscqucnily, it would seem Hint in sonic individuaU, trepopnea is an 
riioIoyicaJ factor in paroxysmal nocturnal dyspnea. 

These are selected cases, howevcj’, Avhich illustrate only one a.spect of 
the problem. Trepopnea and paroxysmal nocturnal dyspnea are not 
alAvays a.ssoeiatcd in such an obvious etiological relationship. 

(1) There arc patients rvith paroxysmal nocturnal dyspnea who do 
not have definitely demonstrable trepopnea. — liaA'e studied four 
such individuals. Tavo said that their attacks occurred only AA'hcn they 
lay on the left side (Cases 8 and 9). Tavo others stated that they had 
no set position in Avhich they aAA'ukened in attacks. (Cases 10 and 11,) 

(2) There are patients with paroxysmal nocturnal dyspnea and 
trepopnea ivhn do not rccoejnizc an etioloyical relationship between the 
assumption of their unfavoretble recumbent position and their nocturnal 
a(fachs.~~Ono. patient had no knowledge of aAvakening Avitli his attacks 
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ill -any constant position (Case 12). One believed that her position on 
awakening was not always an unfavorable one (Case 13), Three were 
convinced that their positions on awakening were often favoral)le ones 
(Cases 14, 15, and 16). It is true tliat individuals do not always know 
what they do at night ( Case 7 ) . Some of these patients iiiay not really 
laiow in what position they awake. jMoreover, they may produce their 
attacks 1)3' hung in their unfaimrable position and 0133- turn to a favor- 
able one just before waking. Nevertheless, one should give as much 
attention to their negative tc.stimon3’- as to the positive statements of 
Cases 3 to 6, until one has the opportunit3' of testing their aceurac3- 
b3^ watching them at night. 

(3) There are many patienis with trepopnca who do not have af- 
fachs of nocturnal dyspnea . — When this fact first came to light, it 
seemed difficult to understand. Most people are said to change posi- 
tion frequentl3' during .sleep. Therefore, it seemed reasonable to expect 
a. trepoinieie iiatient to get into his unfavorable recumbent position at 
some time during the night, and to be wakened b3' the ensuing S3'mp- 
toms. Stud3' of the problem has shown that this is exactl3' what does 
occur. Most patients with treiiopnea do awake at night witli discom- 
fort, which the3^ believe to be caused 113' h’ing in an unfavorable posi- 
tion. However, d3^spnea ma3^ be mild or absent. T)ie3' niai* complain 
of (a) pain, anginal (Case 17), nonanginal (Cases 18, 19, 20, 21, and 
22) ; (b) a combination of pain and d3'spnea (Cases 23, 24, and 25 ) ; 
(c) palpitation (Case 26) ; (d) cough (Case 27) ; (e) indefinite sensa- 
tions, probabh^ a combination of di^spnca, palpitation, and discomfort 
(Ca.ses 28, 29, and 30); (f) bad dreams (Case 31). Slany of these 
S3nnptoms have been mentioned b3' Weiss and Robb'^ as “'equivalent 
manifestation.s of mild cardiac asthma.’^ 

There are a few patients with trepopnea who do not awake at night 
witli the S3'mptoms of this syndrome. First, there are indiA'iduals ■n’ith 
mild degrees of trepopnca who can sleep in their most u^fa^'orablc 
recumbent position^ (Cases 15 and 16). Second, there are persons who 
seem to be able to avoid their mifavorable position subconsciousl3' with- 
out -waking. One of our patients (Case 32) could probabl3' do this; 
another (Case 7) eertainh’ could. 

Finally, it should be mentioned that there are persons with two un- 
favorable recumbent positions whose statements suggest that they avoid 
the worse subconscioush-' and awaken with cardiac SAmiptoms in the 
better of the two (Cases 6 and 19). 

(4) It has been reported that nocturnal d3'spnea is common in aortic 
disease and hypertension, whereas it is uncommon, in mitral stenosis 
and auricular fibrillation."- ^ This has not been found true of trepop- 
uea. It is our impression that cases of these different tA-pes are wak- 
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ened with equal frequency by cardiac sjuiiptoms, but that patients unth 
mitral stenosis and auricular fibrillation are less likely to have dyspnea 
as their primary symptom, and are more x>rone to experience palpita- 
tion and precordial discomfort; if attacks of dyspnea occur, they arc 
apt to be of brief duration. The statement is also probablj' justified 
that dyspnea, as tlie primar.y cardiac awakening symptom, is less likely 
to be found in the patient with extreme congestive failure and severe 
trepopnea, than in the individual with cardiac insufficiency of lesser 
degree. It seems that a patient mu.st be able to endure sleeping in his 
mo.st unfavorable position for a considerable period, in order to bring 
on a severe, prolonged pai’oxysm of dyspnea. This does not appear 
to be possible for the mo.st mai‘kedl3' trepopneic individuals. 

The writings of Weiss and Eobb,“ Harri.son,'* and Wliitc and his co- 
workers'^ have included practieall.y all available knowledge concerning 
the etiology’ of parox.vsmal nocturnal dj-spnea. It is probablj' the gen- 
eral impression that this knowledge is incomplete: that, in most in- 
stances, an adequate exciting cause for the attack has not been evident. 
Consequenth', on the basis of the additional evidence contained in this 
paper, it might be worth while to review the subject. 

It would appear that practieallj'- all cases of pai'o.xj’smal nocturnal 
dj'.spnea have a prcdiftposinc/ factor — .something which produces an ac- 
tual or latent failure of proper blood flow from the lungs to the aorta. 
This ma}' be (a) left ventricular failure, (b) mitral valve ob.strue- 
tion, or (e) anj- other condition which might interfere with egre.ss of 
blood from the lungs. In addition to this, a prccipiiaiing factor seems 
to be neeo.ssaiy — anjdhing which can produce a sudden inten.sification 
of this failure of proper blood flow from the lungs to the aorta. This 
niaj' be (a) the a.ssumption of an unfavorable recumbent position 
during sleep (orthopnea or trepopnea), (b) a dream which gives ri.se 
to emotional di.sturbance or to ph.ysical effort, or in occasional cases" 
the oirset of a paroxj'sm of arrlij-thmia or of a coronaiy occlusion. 
Conditions which ma\' exaggerate the predisposing factor from time 
to time or facilitate the operation of a r>x-ecipitaling factor are hot 
weatlier,'* abdominal distention^ (stomach, bowels, or bladder), re.spira- 
toiy infection, and undue ixhj'sical or emotional act.ivitj’ during the 
daj'. Furthermore, a low serum jxx'otein or an allergic tendenc.y may 
increase the respiratorv distress of an attack b.v su])erimpo.sing upon it 
pulmonaiy edema and broneho.spa,sm. 

The recognition of trepopnea as a precipitating factor® supplies an 
exjflanation for tlie onset of attacks in man.v instances, which in the 

“Thiit othorfl Jiavc- bc-c-n interwtca Jn a fjiniibjr line of tliought E }.-bo-,vn by tho 
foUo%riny: H.arri.'on.* in di.t-cu.s.'iinfr th<; of parojcy.smial nootumal Jyttpnou. tmn- 

tion.M thf- poBition of the ho^y a.s tm irnpoitnnt factor. After dc.Bcribint; the effect of 
o.'-tiinpne.'i iK- i-tnte;< ".eorne pf-rBonn ,-tre Ukelj- to be ."iiort of breJitii when Ivintr on 
the bfick, and rome v.-hen lyin;: on Oie left aide." Wci.'iri and Kobb’ recorded the /net 
that chanpre from the Ktipine to the prone position resnlted in cessation of an attack, 
ond tlmt bt-ndinsr the head forward exerted a favorable effect. 
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past have appeared to have no adequate cause. Perhaps this concept 
will fill the most important gap in our hnoAvledge of the etiology of 
paroxysmal nocturnal dyspnea. 

If it can be demonstrated that an individual is likely to have an at- 
tack of paroxysmal d.yspnea when he assumes a certain recumbent posi- 
tion during sleep, an attempt should be made to prevent him from do- 
ing so. One method is to fit him with a fairly snug woolen undershirt, 
with large wooden spools sewed to those sides which the patient should 
avoid. 

Two other points concerning trepopnea might be mentioned: 1. 
Determann“'° made the observation in eig])t noncardiae patients tliat, 
immediately post partum, cardiac mobility increased tremendously. He 
described a patient whose apex impulse moved 1.5 cm. to the left before 
delivery. Shortly after delivery, the apex moved 9 cm. to the left, 
when the patient lay on the left side. The impulse was found, only 
after prolonged search, high in the axilla. He stated that this increased 
mobility la.sted for .several days; longer in multiparas than iii primip- 
aras. If his observations are accurate, trepopnea may be a factor in 
post-partum death in patients with heart disease. We have not as yet 
had the opportunity of studying this possibility. HoAvever, it seems 
to us suggestive that acute fatal cardiac failure tends to occur some 
hours after delivery when the patient is resting, rather than during 
delivery when the patient is subject to physical strain. 

2. In our former paper^ the statement was made that ‘'it might be 
well, in nursing a cardiac patient, cspeciall}^ if he is narcotized or 
unconscious, for any reason, to be cognizant of the existence of this 
phenomenon” (i.e., trepopnea). “The order to turn the patient fi’om 
side to side every hour may have to be modified.” Case 33 demon- 
strates that this statement was justified. The patient had been trepop- 
neie for some time but had been able to avoid lying on the left side 
until a. cerebral embolus rendered her ])a]’tly i)aralyzed and semi- 
stuporous. After that the order “tiu-n the patimit from side to side 
each hour” resulted in three serious circulatory attacks. When the 
etiological relationship of trepopnea to these attacks was i*ecognizcd, 
the patient was kept off her left side and liad no more .such seizures. 
One of the standard textbooks on internal medicine, in discussing tlie 
treatment of hemiplegia, states that “owing to tlie frequency with which 
hy])ostatic pneumonia develops, the patient should be kept off his back 
and on the paralyzed side as much as possible.” In certain ])atients 
with trepopnea, an alarming effect may be produced if this recommenda- 
tion is carried out. 

SUMMARY 

Trepopnea is an etiological factor in the production of paroxysmal 
nocturnal dyspnea. In certain patients the j-elationship is definite. In 
others, however, the two syndromes are not obviously related. 
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Jlany persons with Irepopiica do not experience paroxysms of noc- 
turnal dyspnea. Some are wakened, when they assume an unfavor- 
ahle recumbent position dui'ing .sleej), by symptoms other than dyspnea: 
especially })ain, palpitation, and cough. Some are able to avoid their 
unfavoi-able recumbent positions subconsciously, without waking. If a 
trepopncic individual becomes unconscious or paralyzed, the respon- 
sibility for avoiding an unfavorable position may devolve upon the 
physician and nurse. 

Patients unth mild degi’ees of trepopnea usually are capable of sleep- 
ing in their mo.st unfavorable recumbent positions. However, if fur- 
ther impairment of blood flow from the lungs to the ao7'ta occui'.s, 
either temporary oi‘ permanent, the assumption of an unfavorable ])o.si- 
lion during .sleep may initiate a .severe attack. 

The demon.stralion that trepopnea is a precipitating factor in pajux- 
ysmal nocturnal dyspnea supplies an explanation for the onset of at- 
tacks in certain cases whei’c formerly no adequate cause was recognized, 

CASE KEPORTS 

C.\SE 8, — On Nov. 10, 19;j.5 a pliysician (D. T.), fifty-two year.s of age, eon.sultc'l 
us. On three dilTereiit occasion.^ during tlie preceding tliree montli.s lie had awahened 
from a .sound sleep with dyspnea so urgent tiiat it Jiad forced Jiim to sit up. Each 
time lie liad awakened he had found hini.self lying on the left .side. He volunteered 
this information without knowledge of our inferc.st in trepopnea. Careful examina- 
lion of hi.s cardiovascular system elicited no evidence of di.'-ea.se. (Tlii.s patient wa.s 
mentioned in a jireviou.s paper.) i 

C.\.si: a. — Z. tv, was seen in the cardiac clinic on March 12, I'XUi. He wa.s a 
short, heav'y-sef negro laborer of forty-live year.'.-, witli diahete.«, a negative Wa.sscr- 
mann reaction, dyspnea on climbing .stairs, and no definite objective evidence of 
cardiovascular di.'-«i.“c. The tentative diagnosis; was coronary artery di.sease, 
Trepopnea was. not clearly demonstrable. All recumbent i<o.sitions could be tolerated, 
but in certain of them syniptom.s were experienced: The right lateral position made 
him feel as if hi.s breath did not “go all the ivay down"; the jmme position 
caused liim to he “tired around the heart"; in the left lateral po.sition 
lie felt a “hcavine.ss over the heart," and “every now and then m^' breath 
get.« a little .short": the supine position was eomfortable, if he u.sed two pillows. 
For a year he had noticed that if lie wnt to .sleep on his loft side, he v.-ould wake 
up “geared, lightin’, and hollerin’." He would think lie wa.s in a whirlwind, in a 
.storm, or in tlie water drowning and trying to e.seape. When he awoke hi.s heart 
thumped so hard that he often a.'ked his wife if she could hear it (which .she could 
not). He was badly “elioked up" and .so short of breath that lie had to sit up 
for three to five minutes. Almost all of tlie.^e attacks aro.'-'c when ho wa.s on the 
left .“ide, asleep. He c-xperieiiced them ver^' occti.sionally if he lay on his back v/ith his 
head too low. Both he and hi.s vrife stoutly maintained Hint the “^vitch-ridin ’ 
sjiclls’’ never w-eurred in any other reciimlx^nt position. TJwbo attack,® constituted 
hi.® chief coinjdaint.. (This patient iva.s mentioned in a previou.s paper.)' 

C.vsr 10.~-A, F . \'.7!.s a forty-one-year-old Italian tailor with extreme hypertension 
(230/1 ;j 0>, .‘■light cardiac enlargement, and slight edema of the feet, tvho was seen 



WOOD ET Ah.: TKEPOPNEA 2G3 

in the cardiac clinic on Oct. 2G, 1936. He had experienced four attuclcB of iioelurnal 
dyspnea during the preceding trvo 'weeks. All but the last liad been severe. Foi- 
years he had slept on his riglit side by preference. Sometimes he slept on the left 
side. He said. he “no can catch sleep” when ho lay on his back, but trepopnea 
could not be demonstrated. He did not recall awakening in any particular recumbent 
position wheii he had his attacks. 

Case 11. — J. S., a forty-nine-year-old Italian man, had degenerative cardiovascular 
disease and moderate cardiac enlargement. Although he was more comfortable on 
the right side and back than on the left, trepopnea could not be demonstrated. He 
had paroxysms of nocturnal d 3 ’spnea, which did not seem to him to be related to any 
particular recurnbent position. There was a question of a possible allergic factor, 
since the attacks were relieved bj' epinephrine. 

Case 12. — A. H., a colored truck driver, thirtj'-six years old, had mitral stenosis, 
auricular fibrillation, marked cardiac enlargement, and trepopnea of necessity 
(B P S L). Smothering and a sense of fatigue became intolerable if he lay on the 
left side. About a dozen times during 1936 and the spring of 1937, he had awakened 
at night ' ' all smothered, ’ ’ without cough, feeling that there ‘ ‘ was not enough 
air in the room,” and that he could not get his breath. (He made a motion suggest- 
ing that there was a bag covering his head.) At such times he would sit up, get no 
relief; then get up, “stir around,” and go nearer the window. It took about half 
an hour for the attack to pass off. He did not remember in what position lie awoke. 
However, he said that the sensation with -which he awoke was exactly liitc tluit 
ciiuscd b.y lying on the left side, orrlj' ‘ ‘ much worse. ’ ’ 

Case 13. — L. A., a woman of twentj’-nine years, had mitral insufiicicncj' and 
stenosis, possible pulmonic insufiicienc.v, marked cardiac enlargement and trepojmea 
of choice (R S P L). On Oct. 6, 1936, she awakened in the middle of the night, 
lying on the left side, uith shorhiess of breath, and a “short, funn.v, cough.” >SIie 
rolled to her right side and obtained relief in a few minutes. During the next week, 
she experienced several similar nocturnal attacks. IVhen que.stioned on October 12 
she stated that almost alwaj'S when she awoke in an attack she was on her left side. 
Once or twice she thought she was king on her back. 

Case 11. — G. C., a man of fift^'-seven v'ear.s, had hypertensive cardiovascular di.sease, 
s^'philis, slight aortic insufflcieuc}-, considerable cardiac enlargement, and trepopnea 
of necessity (E P S L). He was watched at night b.v the ward nurse, and was never 
seen sleeping on the left side. There was a definite history of parox.vsmal nocturnal 
dyspnea, but no attacks were cb.'^erved while he was in the ho.spital. He did not be- 
lieve that he awoke on the left side in attacks, but ratlier on the right. We attempted 
to turn him, on his left side while he slept, but never .succeeded in doing so without 
aAvakening him. 

Case 15. — J. E., a fortj'-cight-v-ear-old Italian man, had Inqiertensive cardio- 
vascular disease, marked cardiac enlargement, loft bundle-branch block, and trepopnea 
of choice (E P S L). Ho often awoke with nocturnal d.yspnea, but believed that 
he was in the right supine position (a position which he liked) at such times, not on 
the left. He. said that if he rolled on (he left side during sleep, he rvould wake uj* 
Avith a .start, and would har-e to sit up for a while to get his lieart quieted down. 
However, the rvard nurse reported that he often slept on the loft side. 

Case 16. — I. P., a man of fift.v-one v'ears, had marked cardiac eniargoniout and con- 
gestive heart failure, probably due to coronary artery disease. He had trepopnea of 
choice (ESP L). He stated that he had often awakened at night in a paroxA-.sm of 
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dyspnea, but did not believe lie had been lying’ on the left side at such times. The 
ward nurses reported that he often slept on the left side at night. He ■vvas never 
observed in an attack of nocturnal d}'spnea. 

Case 17. — M. G., a colored woman of sixfy-scven year.s, had hypertension, angina 
pectori.?, and moderate cardiac enlargement. She preferred to lie itrone or on her 

right side. If she turned on her back during sleep, or if she slipped down oil her two 

pillow.s, .she would awaken with severe upper sternal pain exactly like that which 
she experienced on effort. 

Ca.se 18. — .7. G., a colored man of fifty-one years, had hjTjertension, marked 
cardiac enlargement, and trepopnea of neccssitj’ (R P S L). He often woke up at 
night when he rolled on the left .side. The sensation which would waken him was 
a severe pain over the precordium. It Avas usually relieved when he turned on the 

right side. Sometimes it did not di.sappear until he sat up. The pain was accom- 

panied by a .slight choking feeling, but not by real .«hortness of breath. 

Ca.se 19. — E. W., a woman of twenty-two year.s, had rheumatic heart disca.^e, 
mitral insufficiency and stenosis, moderate enlargement of the heart and trepopnea 
of necessity (P R S L). For a long time she had been wakened about once each 
night by sharp pain through her left che.st, throbbing of the heart, and a moderate 
.sense of choking. At such times .she found herself on her back. >She could roll over 
on her face and obtain relief in about five minute.s. She had never awakened l.ting 
on the left .side. 

Ca.se 20. — C. C. was a very large Italian woman, 5 feet in height, who weighed 
ot'cr 300 pounds. She had hypertension, nephritis, moderate cardiac enlargement, and 
trepopnea of necessity (R P S L). She stated that once cverj' week or two she would 
Avakc up at night lying on the left side with a severe jmin over her heart, and a. 
marked feeling of fatigue. Tlie.^e symptoms were of such degree that she was power- 
less to turn by herself. She had to wake her hu.sband, wlio rolled her on her right 
side. She then obtained relief. Shortne.ss of breath wa.s not present during the.’^e 
episodes. 

Case 21. — V. R., a man of forty-four yeary, had rheumatic heart disease, mitral 
insufficiency and stenosis, auricular fibrillation, marked cardiac enlargement, and 
trepopnea of nece.ssity (P R S L). He .said that once in a long while he rolled on the 
left side during slee{>. Whenever this happened he would wake with pain in the pre- 
cordium, in the left .shoulder, and in the right hypochondrium. Shortne.s.s of breath 
was not a definite feature. 

Case 22. — A. V., a man of fifty-nine year.s, had rheumatic heart di.sease, moderate 
cjirdiac enlargement, mitral stenosi.s, auricular fibrillation, and trepopnea of neces- 
sity (R P S L). The first three positions were all comfortable. The left lateral 
position caiisod precordial pain. He often awoke at night lying on the left side, 
with a mtverc “bruised feeling-’ over his heart. He turned to the right and it 
disappeared. 

Case 2.3. — JI. B., a man of twenty-four years, had rlieumatic heart disease, mitral 
and aortic valvular le.sion.s, c.vtrcnie cardiac enlargement, auricular fibrillation, and 
trepopnea of necessity (L P R H). He stater] that he was frequently awakened in 
the middle of the night, h'ing on Jiis Jmek or on his right side, by “feeling a heavy 
weight “ on hi.c eliest. He wa.s usually a little dyspneic at such times, and might have 
a brief coughing spelt, but as a rule shortness of breath and cough were not llie 
Oil t St a ml i ng symptom s. 
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Case 24. — h. F., a ■woman, of forty-eight years, had advanced rheumatic heart dis- 
ease, marked cardiac enlargement, mitral insufSciencj' and stenosis, auricular 
fibrillation, and trepopnea of neees.sity (E S P L), She told us that she often 
awoke at night, Ij'ing on the left side, with jiain over her heart, a peculiar heavy 
feeling in the whole left side of the chest, marked fatigue, and a sense of choking. 
Dyspnea was seconder}', cough was absent. She sat up for a few minutes, then lay 
down on the right side and went to sleep. 

Case 25. — E. SL, a woman of fifty-nine years, had hypertension, severe angina 
of effort, marked cardiac enlargement, and trepopnea of choice (L E P S), She 
often awoke at night with a choking sensation, found herself on her back, rolled to 
one side or the other, and experienced relief. She stated that this sense of choking 
was a combination of "pressure and smothering." 

Case 26. — M. E. was a colored woman of fifty-five years, who had sypliilis, In-jier- 
tension, moderate cardiac enlargement, and trepopnea of choice (E S P L). She 
told us, "If I turns on my lef' at night, I wakes right up. I has a scary feelin’, 
and my heart is goin’ hard or goin' rvrong or somethin’." She also described a 
pressure over her heart. She did not experience real dyspnea or pain. 

Case 27. — J. P., a man of fifty-five years, had coronary artery disease, angina of 
effort, and slight cardiac enlargement. Lying on the left side made him cough. 
He stated that he often rolled on the left side wliile asleep, but whene%'er he did, he 
awoke promptly. He would sit up, belch twice, cough a few times, tiien lie doira on 
his right side and go to sleej) again. Long before we first saw liim lie made a 
study of his trepopnea. On several occasions he lay on the left side as long as he 
could. Coughing spells lasting a minute or two resulted, but he never had a real 
paroxysm of dyspnea. He believed that the cough saved him from having a bad 
spell at night, because it wakened him before he got in bad condition. The sensation 
that caused him to cough was a tickling in the jiharyn-x, not down in the chest. 

Case 28. — C. C., a woman of sevent}'-fivc years, had degenerative heart disease, 
moderate cardiac enlargement, auricular fibrillation, and trepopnea of necessity 
(E S P L). She had been tested repeatedly, and could never tolerate lying on the 
left side for much more than a minute. Usually .«he was forced to change her position 
in less than thirty seconds. The symptoms she described were a pain over the heart, 
and a choking, breathless feeling. She stated that she could never sleep on the 
left side. If .she rolled on that side during .sleep, .she "woke up right away.’’ 
She did not know what the sensations were which woke her. 

Case 29. — .1. P. was a man of thirty-five years who was in the hospital in Novem- 
ber, I9;55, with congestive failure. He had rheumatic heart disease, mitral and 
aortic valvulitis, marked cardiac enlargement, and auricular fibrillation. Wlicn 
first admitted he had trepopnea of necessity (E p L S). If he lay on his back he 
experienced a smothering sensation and cough. He staled that if he turned on hi.s 
back during sleep he would "wake up right away." He did not know what 
wakened him. The ward nurse watched him at night and never saw him lying on 
his back a.sleep until eongesth'C failure cleared up, and trepopnea markedly dimin- 
ished. 

Case .80.^ — E, O. was a woman of twenty-five year.s who died in the ho.spital on 
Dec. 6, 1935, with congestive heart failure. She had rheumatic heart disease, mitral 
and aortic valvvditis, marked cardiac enlargement, auricular fibrillation, and trepopnea 
of necessity (B P S L). During waking hours she could not tolerate lying on the 
left side for more than half a minute because of shortness of breath, a "stuffy 
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feeling,” and prceordial oppression. She said that now and then she awakened 
at niglit with a peculiar feeling that “something was MTong, ” found that she was 
on the left side, rolled to the right, and heeame comfortable at once. 

Case Ml. — .T. H., a colored man of fifty-nine years, had degenerative heart dis- 
ease and trepopnea of choice (R S P L). He stated that whenever he turned on 
the left side at night he had awful dream? — that he was running or falling — 
which woke him up. 

Case .32. — W. A. was a man of twenty-six year.? who had congenital heart di.s- 
ease, and a rough systolic murmur and thrill at the base of the heart and along 
the midsternum. There was no cyano.?i,?. The heart wa.s slightly enlarged. E,v- 
ercise tolerance was definitely reduced. Trepopnea of choice became trepopnea of 
necessity (P L R S) when he had a cold. He stated that he ner'er got on hi.? back 
when asleep. He never had found himself in that po.sition on awakening. More- 
over, he never had been awakened at night by dyspnea or by throbbing in the che.st 
(the symptom.? he experienced during waking hour.? if he hi}' supine). 

Case 33. — Mrs. W. W. A. was a patient of fifty -nine years, wlio.se case had 
been reported to us by a fellow pln’.sician. She had rheumatic heart disea.se, mitral 
stenosi.“, auricular fibrillation, and marked enlargement of the heart. On Peb. 23, 
1937, she suffered a left hemiplegia, presumably from a cerebral enibolu.?, and 
became semi-stupiorous. In an attempt to prevent hypostatic pneumonia, the nurse.? 
were ordered to turn the patient periodically from .side to .side. 

On February 2-1 her physician received a telephone call to come at once, the iia- 
tient was having a severe “heart attack.” .She was reported to be lying on the 
left side. The order was given to turn her on her back and give her caffeine. By 
the time the pihysician arrived, she looked ns well as before. This happened twice 
more, each time when the patient had been turned on the left side. The attacks 
were alarming. The pulse ro.“e to 140, and became weak. Cyano.sis became quite 
marked. Tlie nurse believed the patient to be dying. After flic third nttaek, she 
was .studied from the standpoint of trepojmea: Wlien turned slightly to the loft, 
.she was comfortable. When turned halfway to the left, after ten minutes she be- 
came cyanosed, the heart rate increased markedly, the pulse became weak, and the 
patient “looked terrible,” as though .she were going to die. Cough was not present, 
Xo change was noted in the breafJiing, .Shortly after she was turned off her left 
side, these alarming phenomena di.sapipeared, IVhen the nurses were .asked if the 
patient ever had had attacks of this sort when not on the left side, they di.sagreed. 

No history of paro.xy.sraal nocturnal dy.spnea could be obtained. Prior to the 
pre.scnt illne.s.s, the patient liad told her hou.'^ekceper that she did not like to lie on 
the left side because it made her feel dizzy and light-headed. Needle.?.? to say, she 
has heen kept off her left .side since the relation bctivecn trepopnea and her attack-? 
was di.'s’.overcd. 

One other fact cainc out in discu.'^sing the case with her physician: on a certain 
day, one of the patient's two phy.sicians .saw her, thought she wa.s loolcing very well 
and gave a cheerful prognosis. Just as he left he asked the nur.^e to turn the patient 
on the left .Kide. He felt that, in lids po.'-ilion, she v.'ould be able to breathe more 
freely with Ic.-r right (nnpnr.'ilyzed; sidc.c Ten minutes later, the other physician 
called, and thought th.'it the patient r.-fls moribund. 
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CLINICAL STUDY OF A PEEPAKATION OP SQUILL (URGININ) 
IN THE TREATMENT OP MYOCARDIAL INSUFFICIENCY® 


Francis L. Chamberi^ain, M.D., and Robert L. LE\Tr, ^I.D. 

New York, N. Y. 

HISTORICAL NOTE 

S QUILL is one of the oldest of medical remedies. Preiiai’ed from the 
bulb of the sea onion (scilla muritima), it is said to have been in- 
troduced into practice by Epiminides or Pythagoras, The earliest 
1 ‘eference to it is found in a medical prescription contained in the 
Ebers papyrus, about 1500 B.C. In Egypt, the plant was worshipped 
as a protector against evil, and temples are said to have been erected 
in its honor. Its consumption is mentioned by Galen, pai-ticularly as 
an aid to longevity. Hippocrates used it externally as an irritant; 
by others it Avas employed to promote perspiration and the flow of 
urine. Later, the external application Avas abandoned, although it 
continued in higli faAmr as a diuretic, expectorant, and emetic. In a 
sixth century manuscript of Dioscurides appears an excellent draAV- 
ing of the squill plant. Gradually, it fell into disuse, apparently be- 
cause of its tendency to induce nausea and Ammiting.^’ 

In the middle of the eighteenth centiny (1740), van SAvieten,^ pupil 
of BoerhaaA'e, rediscovered and .stressed the efficacy of dried, poAA'- 
dered squill in the treatment of droji.sjL The elTects on the heart largely 
escaped notice although Francis Hoine,^ Professor of Materia ilcdica 
in the UniA'ersity of Edinburgh, in 1780 adAo’sed large doses and noted 
that after a fcAv days “nau.sea and A'omiting came on” and the pulse 
AA'as then “remarkably sIoaa',” .sometimes 40. In 1784, the eminent 
Dr. Samuel Johnson Avas taking “A'inegar of squills” Avilh excellent 
effect, A’oicling as much as 20 pints in the conr.se of a day.*' Yet, Avlien 
in the folloAving year, Withering' publi.shed his monograph on the 
foxgloA'c, the sea onion apjiears to IniA-e been largely forgotten and, 
for oA’er a century and a half, digitalis has maintained, undisputed, 
its title as tlie sovereign remedy in the treatment of cardiac disorders. 

The position of squill as a member of the digitalis group aa'rs recog- 
nized by Pagge and StCA'cnson® in 1805, on the basis of its action of 
the frog’s heart, Avhieli they ob.seiwod Avas similar to that of the fox- 
glove. Dixon and IJayne.s'* first pi'epared a lincltire assayed on frogs, 

*From tin; D^partinont of Modicine. Colleee of and .Siirp«,'on«, Colurnbi.a 

find thi; Pro.sbytc-rlan Hospital. 

Tills InvosUc-julon wa.s uidc-d by a prant from the- Calco Chomicol Co„ Ina, 
Bound BrooR. N. J. 

Road at the Mf-etinp of Uit- Amerlc.in Heart A.^soclatlon. Atliintlc City, N, J„ 
Juno S. 103T, 
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in 1906. But it remained for Mendel/® in 1918, to describe in detail 
pharinacologieal and clinical studies whicli aroused rencAved interest 
in the drug and indicated its usefulness in cases of cardiac insuffi- 
ciency. Added impetus was afforded by the work of StolB^ and liis 
collaborators, Avho, in a series of researches extending from 1921 to 
193o, isolated and established the chemical formula of the glucoside, 
seillaren. In 1934, methods Avere deA^eloped for extracting in pni’C 
form the tAA’^o AAmter-iusoluble glueo.sides, sciUonin A and B, AA'hich are 
contained in the preparation used in the present study.^” 

LITERATURE 

The number of iDublieations dealing AA’itli the clinical use and experi- 
mental study of squill is enormous. Many of the obsei’A'ations on pa- 
tients ai’e not pertinent to the present discussion because they are 
concerned AAutli its action in noneardiac disorders. Its eft'ectiA'eness 
in the cure of dropsy, due to its diuretic action, aa'os knoAA'n for cen- 
turies; but, as Avas at first the ca.se Avith digitalis, no proper distinction 
Aims made betAA’cen the accumulation of fluid in the ti.ssues resulting 
from cardiac failure and edema dcA^eloping from other causes. Later, 
Avlieii it Avas recognized that squill aa^s primarily a cardiac remedy, be- 
longing to the digitalis series AAuth respect to its action on the heart, 
more accurate clinical obserA'ations AA-ere recorded. But the effects 
AA'ere Amriable and inconstant, largely because preparations AA'ere used 
liaAung different content, potency, and absoi'bability. In 1922, Robin- 
son^^ Avrote; '‘squills, as Ainll as most of tlie purer deriA’atiA'cs of 
digitalis, are so poorly absorbed from the gastrointestinal tract that 
they should neA’er be used for oral administration.” Sollmann,^'* in 
the 1936 edition of his Mamwl of Pharmocologif, states that “the poor 
absorption renders it undesirable as a digitalis .substitute.” 

During recent years, many attempts haA'e been made to isolate vari- 
ous acth'e principles, but most of those obtained luiA’^e been only a little 
purer than the crude extracts. A number haA^e been mixtures of sca'- 
eral gliicosides. Seillaren, preA'iously mentioned, is said by StolB^ 
to liaA^e a “high therapeutic index” and to be rapidly eliminated. 
Numerous reports of its effects in patients haA'e been made. 

Thus far, two papers har^e been iniblished concerning Ihe clinical 
use of urginin. Carr and IMayeN'* made obserA’ations on 85 patients 
Avitli cardiac decomiAensatioii. Tliey concluded that tliis preparation 
(then known as scillonin), AA’ill produce the usual effects of digitali.s. 
Cardiac irregularities are likely to be the first sign oJ dangerous in- 
toxication. Nausea does occur and may precede the appearance of 
arrhythmias; it appears to .signify a more adAninced grade of intoxi- 
cation than AA’hen due to digitalis. SloAA'ing of cardiac rate to 60 or 
beloAv is frequent. All of these effects call for temporary cessation of 
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tliex-apy. A dose of from 8.0 to 12.0 mg., depending on tlie weight of 
the patient, may be given within four days to patient.s wlio iiavc not 
taken a drug of the digitalis gi’oup witliin two weeks. The mainte- 
nance dose i.s approximately 0-5 mg. per da}^ hut it may be as low as 
0.3.3 mg. The use of urginin is of advantage in certain persons who 
take digitalis with difficulty because of gastric distress early iji the 
course of medication. 

A study of the effects of urginin on the electrocardiogram was re- 
ported by jMaher and Sittler.^'^ Twenty-five eases of heart disease, 
with edema, wei-e studied in the Cook County Infirmaiy. The dosage 
I’anged from 1.0 to 3.0 mg. daily, for vaiying periods. There was a 
wide vanation in the degree of effect produced, implying cither differ- 
ences in absorption or in the i-esponse of the patient. In therapeutic 
doses, they observed, as with digitalis, changes in the R-T or S-T seg- 
ments, .slight pi-olongation of the P-R interval and occasional e.xti’a- 
.systoles. The ventricular rate was decreased in 21 of 25 patients; the 
deei'case oceuired in the presence of sinus rhythm as well as in auricu- 
lar fibi'illalion. The effects of over-dosage were the production of 
frequent extrasystoles, marked prolongation of the P-R inlerval and 
auricular fibnllation. 


.■\IATEKTATi AXD PROCEDURE 

A clinical study was made of the effects of the preparation of squill, 
known under the ti'ade name of urginin, on 02 patients in the wards 
of the hospital. Forty-three suffered from conge.stive heail failure; 
the cardiac disease xvas of varied etiology — rheumatic, .syphilitic, ar- 
tej'iosclerotie, and hypei-tensivc. The group of 1.9 Avithout failure, 
similarly .studied for eompai'ison, comprised patients AV'ith affections 
of the heart as avcII as some ill of other disorders. A .standard i-outine 
was followed and all observations were I’ccordcd graphically on in- 
dividual eharl.s. Patient.s Avere selected foi’ study aaIio had receiA'cd 
no digitalis for at least fourteen days. SedatiA'cs AA'ere given as in- 
dicated. Cascara and mineral oil AA'ere used as cathartics, 

A control period of three days of rest in bed preceded administra- 
tion of Tirginin, except in a few cases in AA'hich therapy seemed urgent. 
The diet aa-rs Ioaa' in salt and bulk. I’he sA’mplom.s and signs of cardiac 
insufficiency, temperature, heart rate, and fluid intake and output, 
were noted daily. 3’he patient.s AA-ere also AA’eigljed each day, if their 
condition aa-os satisfaetojy, Ob-seiwations of aiferial blood pressure, 
A'cnous pre.ssure. circulation time, A'ital capacity, leucocyte count, and 
erythrocyte sedimentation rate AA'CJ-e made at frequent intervals. Elec- 
trocardiograms AA'ere taken daily during the fust ten days, and from 
tAA'o to five times AA'eekly thereafter. 
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THE DRUG 

Urginm’"- is derived from TJrginca mariiima myd is a mixture, in ap- 
proximatel.v equal proportions, of 2 of the active, ivater-insolnble gln- 
cosides — crystalline scillonin A and amorphons scillonin B. The process 
for extracting these glncosides of squill was jiei’feeted hy Dyas and 
Ingersolld- Their chemical behavior is still imperfectly understood, .so 
that biologic assay is necessary to insure uniform potency. For clini- 
cal use, urginin is put up in tablets containing 0.5 mg. of the mixed 
glncosides. 

Biologic assay by the inti-avenous cat method has shown that ] 
tablet (0.5 mg.) has an average potency of 2.13 eat units.’' One cat 
unit contains approximately 0.202 mg.’’’ The tablets are said to retain 
this potency unimpaired for at lea.st one year.’-’’ Tn dogs, crystalline 
scillonin is less than half as cumulative as ouabain and less than oiie- 
third as cumulative as digitalis. The acute toxic effects of scillonin 
in the dog and cat (continuous intravenous infusion) are as great as 
those of ouabain. In the frog, they are less.’’’ ’When the crystalline 
and amorphous seillonins are combined, as in urginin, these individual 
effects are probably modified. 

EFFECTS IN PATIENTS 

In the presence of cardiac insniheieney. the results were similar to 
those customarily obtained with digitalis.’'* The signs and symptoms 
of congestive failure tended to disappear. As a rule, edema, when 
present, was lost and diuresis occurred (Figs. 1 to 5). Occasionally, 
elimination of fluid was not complete and the administration of a 
mercurial diuretic (salyrgan or mercupurin) resulted in further aug- 
mentation of urinary output and continued loss of weiglit (Fig. 2), In 
cases of auricular fibrillation, the ventricular rate was slowed (Figs. 
1, 2, 3 and 6). As is the case with digitalis, equally striking results 
were obtained in the presence of regular (sinus) rhythm (Pigs. 4 and 
5). "When improvement occurred, the venous pressure fell, circulation 
time decreased and vital capacity increased. There ivas no specific 
effect on systolic or diastolic blood pressure. Such changes as oc- 
curred were apparently associated with alterations in the state of the 
heart and circulation; they could not be ascilbed fo the action of 
the drug. 

In the presence of sinus rhythm, the i-atc was .slowed at least 10 
beats in about one-half the cases. The effect on rate cannot be 
ascribed directly to the action of the drug; the heart .slows as the cir- 
culation improves, and particularly as diuresis occurs and venous 
pres.sure falls. In 22 of 24 cases of auricular fibrillation, the ventricu- 

♦ Urginin is the trade name for a product marketed by the Caico Chemical Co- 
lne It was accepted, in 1934, bv the Council on Pharmacy and Clienn.stry of the 
American Medical As.eociation for inclusion in Xete and Konofflrial IiC7nrdic}<. Sf-(; 
.1. A. M. A. 103: 1708, 1934. ' 
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MIT NO 45901<? RHEUMATIC HEART DISEASE CINACTIVE) 

J.T.-rCMALE MITRAL STENOSIS and INSUFFICIENCY 

AGE-51 YEARS CARDIAC HYPERTROPHY AURICULAR FIBRILLATION 



Kle. 1. — Ailvanced cardiac InsuRlcIcncy in wiilcii the critical condition of tiic 
paticnt made prompt treatment iniperalivc. Adininlntratlon of 12.0 mg. of urplnln 
in two days y.';ts fo]lr>\yefl by partial relief of .symptoms, fall In venous prc:aHXiro. 
increase in vitiil capacity, slowing of hejii't rale, pro^essive loss of and 

marKCfl diuresis. There was no f4i?,mififyant cliani^e in arterial blood yuessure- There 
were no toxic effect^. After stopping? iiryjinin therapy, the heart rate bec<ame pro- 
KresFively more rapid becrinnlnfr on the sixth day. The venous pressure rose and 
the urinary output <liniinlsh*’d. Additional doses of ur;?inin, smaller than thos<'* 
ori^inrilly yriven, protluced treater relief of .symptoms and siims of cardiac In- 
suf7icj4^'ncy. with further fall In vepouH pressure j»nd renewed diuresis. 
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no-473231 coronary arteriosclerosis 

AGE-' 60 YEARS CARDIAC HYPERTROPHY AURICULAR FIBRILLATION 



Pig-., 2. — Moderately advanced cardiac InsufRciency, in which tlicro was no im- 
provement during a controi period of three days witliout medication. IJrginin 
therapy was followed by disappearance of signs and symptoms. Venoms pressure 
fell, vital capacitv increased and there was a sharp decrease in heart rate. The 
weight diminished' gr.adually concomitantly with moderate diuresis. As the circula- 
tion improved, the systolic blood pressure rose and the diastolic level was slightly 
lowered. 

All of the retained duid was not eliminated, however, as .shown by tremendous 
urinarv output on Januarv 31. following intravenous injection of saiyrgan. Marked 
diuresis and further lo.ss of weight occurred four days later (February 1) after injec- 
tion of mercupurin. 
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UNIT N0.47540<? 
C.C.- FEMALE 
AGE-S6 YEARS 


RHEUMATIC HEART DISEASE (INACTIVE) 

MITRAL STENOSIS and INSUFFICIENCY 
CARDIAC HYPERTROPHY AURICULAR FIBRILLATION 



Fig. 3 . — (See also Fig:, 6.) Advanced cardiac insufficiency with auricular flbrilla- 
tion and rapid ventricular nite. Tlje heart rate fell from ICO to 100 after 10.0 niff, 
of \irginin, given in two day,«. Tliere was good diure-sis and gradual ioss of v/olglit, 
Urginin wa.s discontinued and after tliree days, the rate again rose to llO ; dlure.sls 
and loss of weight ceased. DIgitaii.s, 1.1 gtn. of powdered leaf, given in two day.", 
.again sloxved tlic rate and Induced diure.sLs with an a.ssoclated ios.s of xveigfit. There 
was further improvement xviien urginln adminfstr.atlon was re.sumed after an Interval 
of seven days. Pulmonary infarction did not materially interrupt the othorwi.se 
favomhlc cour.^e of progress. 
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^ COROflARY ARTERIOSCLEROSIS 

AGE-b YEARS CARDIAC HYPERTROPHY 
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UMIT NO. 300783 
H,M.-FEMAIE 
A6E-42YEAPS 


RHEUMATIC HEART DISEASE (INACTIVE) 
MITRAL STEMOSIS and INSUFFICIEMCY 
CARDIAC HYPERTROPHY AURICULAR FIBRILLATION 



Fijr- 5. — Moderately advanced cardiac In-eufllclency In which a control pedod of 
•S'even daya re.st In bed without medication was not followed by Improvement. Al- 
thouRh auricular fibrillation wa.*! present, the heart rate wa.*? not very rapid. Ad- 
nilnl.strntlon of g.O mpr. of urgfnln in two day.s Induced relief of symptom.*! and HiKna. 
slowed the ventricular rate, lowered venou.s pressure. Increased vlt.al capacity and 
accelerated circulation rate. There wa.s marked and rapid lo.s.s of v.'olgbt, unaccom- 
panied by corrcspondlnply larpe diuresl-s. It I,*! probable that all of the urine was 
not ctdiected and mea.sured. Compen.satlon was maintained by continued .“small dosc.s 
of urpinln. 
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lar rate fell from 10 to 70 beats per minute. In two patients with 
li> pertliyroidism the dru" did not appear to atfect rate. 

'When edema was present, diuresis was the rule unless the patients 
were moribund or the lieart was unresponsive to all therapeutic ef- 
foits. In patients without cardiac disease to whom the drug was 
given, no increase in urinary output occurred. Nine cases had per- 
sistent edema after partial improvement wms brought about by 
uiginiiij all responded with large diuresis to intravenous injections 
of salyrgan or mereupurin. It appears that the two scillonins con- 
tained in urgiuin exert no specific stimulating effect on the kidneys. 
As is the case with digitalis, such diure.sis as occurs in congestive heart 
failure is probably secondary to improvement in the renal circulation. 



Fig-. G. — Slowing of ventricular rate and T-wave changes produced bj* urginin in 
a case of auricular flbrillation. 

Unit No. 475409. Female, aged fifty-six years. Diagnosis: Arteriosclerosis; 
coronary sclerosis; cardiac hypertrophy; permanent auricular fibrillation; cardiac 
insufficiency (moderate) . 

Januarv’- 9 : Rate 160. After control record was taken, urginin .5.0 mg. was given. 
January 10 : 5.0 mg. Januai-y 11 : Kate 100 ; Ti partly inverted ; T: deeper. 

One ease of persistent auricular tachycardia, unresponsive to digi- 
talis, did not shOAv a change in rhythm after urginin. 

Premature beats disappeared in 10 patients after treatment. 

dosage 

The effective dose, that i.s, the amount necessary to bring about the 
optimal therapeutic result, was estimated on the basis of clinical ob- 
servation and the effect on ventricular rate in cases of auricular 
fibrillation. In terms of cat units, it ivas a little more than tivice that 
of digitalis. Thus, one tablet of urginin (0.5 mg. or 2.13 cat units) 
is not quite equivalent in therapeutic potency to one tablet of com- 
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niercia] digitalis (0.1 gm.) wlien the latter is assayed to equal one cat 
unit. For clinical purposes, 0.5 mg. of \irginin may he regarded as 
equal in thei’apeutic efficacy to 0.1 gm. of a pi'cparation of digitalis 
standardized in this mannej-. In other words, approximately two eat 
units of urginin. orally admini.stered, are i-eqnired to induce the same 
effects as one eat unit of digitalis. This difference in the two drugs, 
between the potency established by biologic assay and that observed 
clinicallj^ is due probably to le.ss complete absorption or more rapid 
elimination in the ease of urginin. 

The ioial cjjcctwc dose was calculated by sulffraeting from the full 
amount given, the quantity theoretically exei'eted each day. It ranged, 
in different patients, from 6.5 to 14.0 mg., with an avei'age of 9.0 mg. 
(18 cat units). Similai’ variations in digitalis dosage are commonly 
.seen, depending on the etiologj-- of the cardiac lesion, the degree of 
cardiac insufficiency and on individiial idiospicra-sy. 

The d/iilif muvnienance dose was determined by observing the amount 
i-equired to keep the ventricular rate at a givoi level in eases of 
auricular fibn'llation ; or, in the presence of .sinus rhythm, to maintain 
changes in the form of the eleetincardiogram after these had ap- 
peared. In cases of cardiac insufficienej' with auricular fibrillation, it 
ranged from 0.5 to 2.0 mg., with an average of 1.05 mg. The avei’age 
for eases with hyperthyroidism was 1.22 mg., while for those with 
normal metabolic rates it was 0.89 mg. In the eases with sinus 
rhythm, it ranged from 0.5 to 1.5 mg., with an average of 0.95 mg. 
The average daily maintenance dose for all eases, excluding those 
with hyperthju'oidism, was 0.92 mg. 

The effective dose was given over periods varjdng from one to six 
days. Large, single doses often caused nausea or indigestion ; after 
this became apparent, they u'ci’e avoided unless advanced congestive 
failure demanded rapid relief. A sati.sfactory scheme of do.sage was 
to give 1.5 mg. (3 tablets) three times daily after meals for two days; 
1.0 mg. (2 tablets) twice daily until the de.sired effects were produced,' 
then 0.5 mg. (1 tablet) twice daily as a maintenance I’ation. The plan 
was modified as circumstances required. 

Jicefal Adminislraiioii . — After ti-ial in two cases, the method was 
abandoned beeau.se of the local irritating action. The clinical result 
indicated that the drug was ab.sorbed. It is po.ssible that a pre/)aratiou 
suitable for rectal use can Ite made. 

lU.'RATOX OF EFFECT 

Tltis was variable. Jt wa,s calculated by g'iving large initial do.ses on 
one or two days, then discontinuing the drug and ob.serving the length 
of time nece.ssary for the di.sappearauce of chang'es in the form of 
the electrocardiogram (T-wave.s and K-T or 8-T .segmenf.s). Jt wa.s 
estimated also in cases of aurieniar fibriliafiott by noting tJie ititerval 
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wliicli elapsed between the last dose of urginin and the beginning of 
an increase in ventricnlar rate. The time varied, obviously, with the 
total amount in the bodj’’ and hence with the size of the do.se and the 
speed of its administration. Changes in the form of the electi-oeardio- 
gram were observed as long as seventeen days after stopping the 
drug (Figs. 7 and 8 shoAV their persistence for eleven and twelve 
daj's). Prolonged A-V conduction Avas recorded from seven to six- 
teen dajLS after the last dose Avas given. In cases of auricular fibril- 
lation, the effect on heart rate began to diminish in from three to ten 
days; it completely disappeared in from eight to elcATii dajLS. 



7_ — Per.sistence of effect of urjjinin on the electrocardiogram eleven dav.** 
after its administration was discontinued. 

Unit No. 311367. Male, aged thirty-three years. Diagnosis: Tuberculous peri- 
tonitis with ascites. (No cardiac disease.) « , _ 

October 7: Control: rate 95: P-R 0.16 sec. Urginin 1.5 mg. October S; l.o mg. 
October 9; 4.5 mg. October 10: Rate 75: P-R 0.17 sec. Record show.s joying 
of rate and partial inversion of T; partly upriglit. ^^ni^de- 

21: Eleven days after last dose. Rate 60; P-R 0.16 sec. R-Ti and R i. .stni oe 
pressed ; Ti inverted. 


TOXIC EFFECT.S 

In .six patients, nausea and roimtmg oeeurred soon after urginin 
Avas taken. Pour of these Avere nauseated and unable to take other 
medication by mouth before the drug Avas given. Digitalis Avas sub- 
sequently administered to three of them and caused nausea and Aomit- 
ing in each. Every patient Avithout previous nausea was able to 
retain urginin if giA’en after a meal in -amounts not exceeding 1.5 mg. 
(3 tablets) at a time. In nine additional patients, nausea vuthout 
vomiting was complained of immediately after taking the drug; in 
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each instance, smaller doses were tolerated without distress. Two pa 
tients had diarrhea, which ceased during continued urginin mediea 
tion. Two complained of dizziness and flushing. 



One patient, nauseated by digitali.s, took urginin without complaint. 
Another had diarrhea after taking digitalis, but none following 
urginin therapy. 

One patient became mentally confused and had delusions of per- 
secution after 10,5 mg. had been given during a period of eight days. 
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There lyere no changes in the electrocardiogram or other symptoms 
suggesting poisoning by urginin. The psychic state returned to nor- 
mal several daj^s after the drug was discontinued. 

In two instances transient auricular fibrillation appeared, and in 
three, auriculoventricular nodal rhythm was noted following dosage 
which was not regarded as excessh^e. One case of incomplete heart- 
block was converted to complete block, reverting to the former rhythm 
three days after urginin was stopped. 

To one jiatient, 19.0 mg. (38 tablets, containing about 81 cat units) 
were given intentionally over a period of seven days (Fig. 8). Vomit- 
ing and incomiilete heart-block occurred simultaneously at the end of 
tliis time. Two additional tablets of 0.5 mg. each given on the fol- 
lowing day did not cause the block to become complete, and no pre- 
mature beats were observed. After the drug was stopped, vomiting 
continued for two days and nausea for three days. Changes in the 
form of the electrocardiogram persisted for at least twelve days. 

Premature contractions were conspicuously absent as evidence of 
urginin intoxication. 

No deaths could be attributed to the action of urginin. 

EFFECTS ON THE ELECTROCARDIOGRAM 

These were similar to the ones known to be produced by digitalis.^® 
The changes observed were on rate, T- waves, R-T, and >S-T segments, 
and on auriculoventricular conduction time. To six patients, com- 
parable doses of urginin and of digitalis were given in succession. No 
appreciable ditferences were noted in the character of the changes 
produced in serial records. 

In one ease of auricular flutter, the auricular rate was slowed but 
the rhj'thm was not altered. Prolongation of the P-R- interval was 
produced in six patients, incomplete A-V block in two, and complete 
A-V block in one. There was no effect on intraventricular conduction. 

In ten patients, premature beats disappeared after medication. In 
eight instances these weie ventricular, in one auricular, and in one 
junctional in origin. 

SUMMARY AND CONCLUSIONS 

1. A clinical study was made of the effects of urginin on 62 patients 
in the wards of the hosjiital. In those vith caidiac insufficiency, 
urginin, administered orally, exerted an action on the heart like tliat 
of digitalis. The signs and symptoms of congestive failure tended to 
disappear. As a rule, edema, when present, was lost and diuresis oc- 
curred. The venous pressure fell, the circulation time decreased and 
the vital capacity Avas increased. These effects A\eie noted in the pics- 
ence of regular rhyffhm as well as Avhen the auricles Avere fibrillaiing. 
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2. In cases oi’ auricular fibrillation, the ventricular rate was slowed; 
when the idiythm was i-cffular, slowiuf? occuri’od in about one-half of 
the cases. 

3. Diuresis and loss of weif'ht did not occiu’ in the absence of con- 
gestive failure. 

4. Tlic therapeutic potency of ui-ginin, in terms of cat units, was 
about one-half that of digitalis. Thus, appi’oximately two cat units 
of urginin were required to induce effects, both therapeutic and toxic, 
comparable to those induced by ojie eat unit of digitalis. This dif- 
ference in activity may be ascribed to Je.ss complete absorption or 
more rapid elimination in the ease of urginin. 

5. A satisfactory scheme of dosage, when no digitalis or urginin 
had been given for at least ten daj's preceding, was: 1.5 mg. (3 
tablets) three times a daj'- after meals for two days; 1.0 mg. (two 
tablets) twice daily until the desired etfects were produced. 

6. The daily maintenance dose ranged from 0.5 to 2.0 mg. The 
average was 0.92 mg. (approximately two tablets of 1.0 mg.). 

7. The total effective dose (the full amount given less 1.0 mg. 
theoretically excreted each day) ranged from 6.5 to Id.O mg. The 
average was 9.0 mg. (18 cat units). 

8. The duration of effect after therapeutic doses was variable. In 
cases of auricular fibrillation, the effect on ventricular rale began to 
diminish in from three to ten days. It disajipeared completely in 
from eight to eleven days. Changes in the form of the electrocardio- 
gram were observed for as long as seventeen days after the drug was 
discontinued. Prolonged A-V conduction ivas recorded from seven to 
sixteen days after the last dose. 

9. In 6 of 62 patients, nausea and vomiting oeciuTcd soon after 
urginin was taken. Every patient without previous nausea was able 
to retain urginin if given after a meal in amounts not exceeding 1.5 
mg. (three tablets). In nine additional patients, nausea without 
vomiting occuiTed; in each instance smaller doses were tolerated with- 
out disti'ess. Other toxic effects noted wei'e diarrhea (two eases), 
dizziness and flushing (two cases), mental confusion (one case), 
transient auricular fibrillation (two cases), auriculoventricular nodal 
rhythm (three eases), prolonged P-R interval (six cases), and A-V 
heart-block (three cases). 

10. Pi'emature beats as evidence of intoxication were not observed. 

11. One patient, nauseated by digitalis, took urginin without dis- 
ti'ess. Another had diarrhea after taking digitalis, but none follow- 
ing urginin therapy. 

12. The occurrence of any of the symptoms or signs of intoxication 
affords an indication for immediate cessation of therapy. 

13. No deaths could be attributed to the action of urginin. 
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14. Tlie effects on tlie electrocardiogram M'ere similar to those seen 
after digitalis. The alterations noted were in the T-waves, R-T, or 
S-T segments, and on A-V eondnction, 

15. In ten patients, premature beats disappeared after medication. 

16. XJrginiii is an eft’ective cardiac remedy. It offers no advantages 
over digitalis with respect to its action in myocardial insufficiency. 
But it serves a purpose in that occasionally, patients in whom digitalis 
induces nausea, Ammiting, or diarrhea are able to take urginin without 
suffering from unpleasant symptoms. It may be useful also when a 
patient harbors an unfounded prejudice against the use of digitalis. 
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THE EFFECT OF THEOIHIYLLINE WITH ETHYLENEDIAMINE 
(AMINOPHYELTNE) ON THE COURSE OF CARDIAC 
INFARCTION FOLLOWING EXPERIMENTAL 
CORONARY OCCLUSION^^ 

Harry Gou), M.D., Janet Traveel^ M.D,, and Walter Modeli., M,D. 

New York, N. Y, 

C ONSIDERABLE evidence now exists that the xanthines, namely, 
caffeine, theobromine, and theophylline, dilate the coronary ves- 
sels and increase the coronary blood floAV. This general conclusion has 
been derived from studies with several species of animals, the eat, dog, 
and rabbit, and from various types of experiments, namely, isolated 
strips of blood vessel,’’ - perfusion experiments with the isolated heart,®' 
heart-lung preparations,"’ and studies of coronary blood flow in the 
anesthetized animal/’ 

In perfusion experiments, very dilute solutions of the xanthines fail 
to cause coronary vasodilatation. The increase in the coronary flow 
seen in eases in which the drug is injected intravenously is of short 
duration,®’ " lasting onty from a few minutes to about one-half an hour, 
corresponding to the period of the relatively high concentration of the 
drug in the blood stream.® The concentration in the blood stream after 
the intj’amuseular injection does not rise as high as directly after the 
intravenous injection, and as far as we know, the effect on the coronary 
flow of the xanthines administered orally or intramuscularly has not 
been determined. There is the suggestion in the recent experiments of 
Wiggers and Greene® that changes in the total coronary inflow and ouL 
flow are not neee.ssarily accompanied by similar changes in the col- 
lateral flow to an infarcted area. None of the experimental studies on 
coronary flow is free of objections as evidence for the conclusion that 
the xanthines produce an increase in the volume of capillary flow in the 
heail;. Howevei’, these results have .served as the experimental basis on 
which the xanthine.s are advocated in the treatment of disease of the 
coi’onary arteries. 

In 1935 a paper ^vas published by Fowler, Hurevilz, and Smith’® in 
which they reported that the daily oral administz’ation of theophylline 
with ethylenediamine (aminophylline) in doses approximating those 
used tl)erapeuticallyt j-eduees the .size of the infai’ct I’C-suIting from the 
ligation of a coronary artery in the dog. They declared that clinical 
experience” was in accord with these findings’® and suggested the use 
of this drug in patients with coronary thrombosis. 

•From the Department of Pharmacology of Cornell Univerwlty Medical College- 
tThelr doses were 3 grains dally for a dog- The weights of the dogs were not 
stated, and on the basis of 10 to 20 kg-, the dose v/as equivalent to about 10 to 20 
grains for a man. 
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The suggestion that ammop]i 3 ’’Iliue might reduce tiie size of a m 3 ’o- 
cardial infarct is extremelj' important, and their results are stronglj’ 
indicative of a beneficial influence of the xanthine. The present stud.y 
was undertaken to explore the possibilities further, and as a matter of 
practical significance, to determine whether the influence of aminophjd- 
line oil the size of the infarct is a phenomenon peculiar 1o the dog or is 
applicable to other species as well. The effect of aminoplndline was 
studied on the course of mjmeardial infarction resulting from coro- 
nary ligation in the cat. lit this stud.v a larger series of animals was 
employed, an infarct was produced the size of which could be accii- 
ratelj’- measured, and the work was carried out under conditions which 
excluded the possible influence of subcon.seioiis bias in tlie comparison 
of the results in control and treated animals. 

The coronary circulations of the eat and the dog are essentially simi- 
lar in that, in both there arc extensive anastamoses between the coro- 
nar.y arteries and, also in both, the xanthines produce an increa.se in the 
coronary flow in perfusion experiments. Nevertheless, as will be seen, 
in contrast to the results reported for the dog, the xanthines were with- 
out influence on the course of the m^mcardial infarction in the eat. 

IMETHOD 

Various coronaiy arteries were ligated in 65 cats, namely, the right 
coronaiy, the descending branch of the left at various levels, the cir- 
cumflex branch of the left, and also the right together with one or an- 
other- of these two branches.' The infarcts which proved most satisfae- 
toiyfor measurement resulted from ligation of the circumflex branch 
of the left coronary. This vessel was ligated in 52 animals, and the 
effect of aminoph.vlline on the size of the infarct resulting from this 
operation alone was studied. 

Operative Technique . — The animals were anesthetized with ether. 
The etlier was supplied by means of a metal catheter passed through 
the mouth into the trachea, and through this also artificial respiration 
was maintained b.y interrupted positive iiressure insufflation. 

The operation was performed asepticall.v, tincture of iodine being 
used for the skin sterilization. An incision 3 to 4 cm. long was made in 
the left third or fourth intercostal space beginning about 0.5 cm. from 
the sternum. The pericardium was incised over the region of the left 
auricular appendage, which was held to one side to expose the left coro- 
naiy artery. This was isolated at the point of its bifurcation into the 
descending and circumflex branches. A silk ligature was pas.sed by 
means of a fine needle, hnd tied, around the circumflex branch at its 
junction with the left common coronary arteiy. The veins were not 
included in the ligature. The incision in the pericardium was left 
open. The thorax was closed with silk ligatures in two or three la^’ers. 
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TJie complete operation for ligation of the left circumflex artery, 
from the opening to the closure of the thorax, took an average of 16.2 
minutes in a series of 50 animals, with variations from 8 to 43 minute.s. 

Skin sutures .were removed usuall.T on tlie fiftli day, occasionally on 
the fourth, sixth, or seventh day. 

General Eoutine. — Comparable conditions for the animals of the 
treated and of the control series were insured by assigning to each of the 
two groups an approximatelj’’ equal number of animals operated upon on 
the same daj'. 

Daily observations were made regarding tlie general condition of the 
animal, the amount of food eaten, and the condition of the wound. The 
diet consisted of evapoi'ated milk, raw cliopped meat, and a canned 
Tnixed food. Tlie animals were weighed ))efoi‘e the operation, oeea.sion- 
ally during, and at the end of the sul)sef|uent three-week period. An 
clectroeardiogi-am was taken just prior to the operation, immediately 
after its completion, the following day, then every third day, and 
finally at the end of the experiment. At this time the blood pre.ssure 
was recorded with a mercury manometer by means of a cannula in- 
serted in the carotid artery (during local anesthesia). 

Distemper was prevented by a pi*ophylactie dose of 5 c.c. of canine 
antidistemper semm, injected subcutaneously at the time of operation 
(in 9 treated and in 9 control cats). In all but one of tlie remaining 
animals, symptoms of distemper were controlled by the injection of one 
or more doses of 5 c.c. of the antidistemper serum (in 4 treated and in 
6 control eats). 

At the end of the experiment, the animals were killed by the intrave- 
nous injection of digitalis, in order to determine the toxicity of digitalis 
in the presence of a myocardial infarct. The results of these observa- 
tions are presented in another report.’^ 

Ti-catmcnt With Amiiiophylline . — Theophylline with ethylenediamine 
(aminophylline) in a 10 per cent solution was administered daily in one 
dose. Most of the animals received 25 mg. per kg. (calculated on the 
basis of the body weight before the operation) by intramuscular injec- 
tion for t-wenty consecutive days, the initial dose being given within a 
few minutes after the operation. There were a few exceptions to this 
genei’al plan. The first dose was 10 mg. per kg. by intravenous injec- 
tion in each of two cats; in four cats the daily dose by intramuscular 
injection was reduced to 10 mg, per kg. during the course of treatment, 
so that two received 17 doses of 10 mg. per kg., one received 15 such 
doses, and one, two such doses. 

These doses of aminophylline appeared to j^roduce no change in the 
general behamor of the animal that might indicate poisoning. The 
toxicity of the 10 per cent solution of aminophylline was tested by intra- 
musetdar injection in sev'eral normal cats. In each of three, a dose of 
50 mg. per kg. produced no appi'eciable effects after 16 consecutive 



GOLD ET AL. : THEOPHYLLINE '^VITH ETHYLENEDIA:snNE 287 

daily doses. A dose of 100 nig. per kg. caused vomiting, and deatli 
with convulsions after the sixth consecutive daily injection. In each of 
two animals, a dose of 150 mg. per kg. caused nausea and vomiting, and 
death after several hours. 

The injections ivere made into the thigh muscles, using right and left 
alternately. The thigh muscles were sectioned post-mortem and ex- 
amined for signs of irritation or infection. These appeared normal in 
all hut one animal, in which a deep abscess had developed, first noted 
on the eighth day. 

Pdst-mortem Examinations . — These were made in all eases. 

The location of the ligature was established. In this ivay two errore 
were discovered in which the left common artery had been ligated, caus- 
ing death within a few minutes. 



Eisr. 1 . — ^Correlation of -n-cig-iit of body witli weig-)it of ventricle.*--. A (treated; 
survived tyenty-ono days); A (treated; died before twenty-one day.s) ; • (control: 
siu-vivcd twenty-one days); O (control; died before twenty-one days). 

Soft adhesions often bound the margins of tlie incision in the pei’i- 
cardiuni jiartly or completel}’^ to the left auricular appendage. There 
were no pericardial effusions. 

In no case were there adhesions between the jiarietal and visceral 
pericardium or any gross signs of pericarditis over the area of tlie 
infarction. 

Intramural thrombi were alisent even in eases of very extensive in- 
farction. 

The parietal pericardium, the aorta, puhnonary artery, and auricles 
were cut away, and the ventricles were weiglicd. A definite correlation 
between the body weight and weiglit of the ventricles was found to 
exist (Fig., 1). 
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After the infarct was measured, the heart was fixed in formalin and 
frozen sections from several areas were stained with liematoxylin and 
eosin for microscopic examination. 

Serious secondary infection did not occur. Of the 42 cats used as the 
basis for this .study, mild .secondary infections at the site of the wound 
occurred in 12 animals (in four treated animals and eight controls). 
Stitch abscesses only were present in nine of these, and had comp]ctcl.v 
healed before the end of the experiment. 

Coronary Circulation in the Cat . — In each case the right and left 
coronary arteries and their main branches were di.ssectcd out, their rela- 
tive sizes noted, and a .sketch was made of tlieir di.stribution, especially 
on the posterior wall of the heart. Usually the left circumflex artery 
was larger than the right circumflex. The left circumflex u-sually was 
found to gi^’e off one or more branches on the anterior* wall of the left 
ventricle, then turn postei-iorly and run across the upjrer border of the 
left ventricle, giving off in its course sevei-al bi'anehes to the arrriele and 
to the posterior wall of the left ventricle, with its terminal branches 
lying close to the inten'entricular sulcus on the po.sterior surface of the 
heart. Sometimes the ter-minal branches extended for a considerable dis- 
tairce into the wall of the right veirti’icle. On the olher hand, occa- 
sionally the right circumflex ve.ssel was very much larger than the left, 
and sent branches to supply a fairly large portion of the ])osterior wall 
of the left ventricle. Marked differences in the size of the infarcts 
could often be directly related to manifest differences in the relative 
.size of the right and left circumflex ve.ssels. For example, in one ani- 
mal, ligation of the right coronary arterj’^ produced a small infarct in- 
volving only the posterior wall of the left ventricle midway behveen the 
base and the apex. In this case the right coj’onary aitcry supplied most 
of the po.sterior wall of the left ventricle, and the left circumflex ves-sel 
was exceedingly .small. 

Fig. 2 .shows a .sketch of the circulation and Die infarct in the aver- 
age animal. 

The Infarct . — The infarct w'as examined before and after the cham- 
bers of the heart were opened. After ligation of the left circumflex 
aiterj', the location and form of the infarct were fairly uniform, although 
the size varied considerably. It involved chiefly the posterior w'aU of 
the left ventricle, and all layers of the wall. It was irregularly tri- 
angular in shape w*ith the base along the auriculoventricular boi*der. 
It nariwed toward the apex, tei*minating above the po.stei-ior .surface 
of the apex in the average-sized infarct, and invoh*ed the po.sterior 
papillarj*^ muscle. In the larger lesions, the infarct, extended around to 
the antei’ior surface of the apex, to the anterior papillaiy muscle, along 
the po.sterior border of the septum, and in seven eases it involved a 
narrow strip of the right ventricle adjacent to the involved septum. 
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The infarct, was readily recognized by the color and the thinning of 
the ventricular wall. Infarcted areas about a week or ten days old wei’e 
fairly thick, yellow, and inelastic. Those about three weeks old showed 
marked thimiing of the wall and atrophy of the papillary muscle; they 
were reddish and slightly lighter in color than the surrounding muscula* 
ture, and, usually, showed some yellowish mottling. The boundary was 
less distinct in the older infarcts, although in all it was fairly clearly 
defined. 

Measurement of Infarct . — The boundaries of the infarct were often 
more clearly defined and somewhat larger on the endocardial surface of 
the ventricle than on the outer surface. The opened ventricle was laid 
out flat, the area of the infarct outlined in India ink on tlie endo- 



Pis'. 2. — Dorsolateral view of heart. Note usual coronaiT circulation, site of licature 
on left circumflex arterj", and location, size, and shape of average infarcL 


cardial surface, and a contact tracing of the area was made on a ground 
glass plate. In some cases a contact reproduction of the inked outline 
on the heart Avas made directly on tracing paper, and in still others, 
a direct contact paper cut was made. The areas of tlie infarcts, re- 
produced independently by two Avorkers using tlie same specimen, 
agreed Avithin 8 per cent. An estimate of the relative sizes of the 
infarcts aatis made by inspection, and the oNact size of the tracings or 
cuts AA’as measured by the planimeter. 

An attempt Avas made to correlate the Aveight of the ventricles Avith the 
size of the infarct. No definite relationship Avas revealed by this rela- 
twely small series. The scatter of the points, hoAvever, Avas found to be 
essentially similar in the control and the treated groups (Fig. 3). 
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Ta»i-k 1 


Cause or ]Jkatii in 21 Animals That Faileu to .Survive the Thuee-Week Period 
After Ligation or the Leet CiRcujirLEX Aktera' 


DURATION. OF LIFE 
AFTER LIGATION 

NO. 

CATS 

CAUSE OP DEATH 

REMARKS 

A few minute, 

1 

Hemorrhage i 

Tear in myocardium 

A few minute.? to 
a few hours 

9 

Acute effects of in- 
farction 

Unusually large I'e.ssel 

a to 14 days 

1 

1 

6 

Pneumonia 

One unusually' large infarct; others 
of average size 

18 days 

1 

Distemper 


(5 days 

1 

Cardiac failure? 

Pulmonary' edema, peritoneal and 
pleural serosanguineous elTu.sion; 
very large infarct 

8 days 

1 

Cardiac failure 

1 

1 

.Subcutaneous edema; pleural and 
peritoneal effusions; very large 
necrotic infarct 

4 days 

1 

Ether i 

During operation on infected foot 

8 day.« i 

1 

Undetermined ! 

Infarct of iiverage size 


Table II 


Result.? in Animals Treated With Aminophylline and in Controls Which 
.Survived Three Weeks After Ligation of Left Circu.mflex Artery 



CONTROL GROUP 

TREATED GROUP 

Number of cats 

Averages for groups 

17 

14 

3.09 kg. 

Initial body weight 

.3.12 kg. 

(2.15-4.15) 

(2.40-3.55) 

Duration of operation 

14.0 min. 

19.2 min. 

(8-43) 

(10-22) 

Loss of body weight 

11.8% 

13.0% 

(Loss of 34.9 — 

(Loss of 33.3— 


gain of 7.2) 

gain of 7.3) 

^Mean blood pressure 

1.56 ram. 

145 mm. 

(133-183) 

(120-170) 

Weight of ventricles 

9.9 gm. 

9.9 gm. 


(0..5-14.0) 

(7.5-12.0) 

Size of infarct 

0.82 sq. in. 

0.95 sq. in. 

R-T segment displacement 

(0.35-1.47) 

(0.45-2.00) 

Marked 

Doubtful 

None 

Per cent of those with marked dis- 

64.7% 

I 23.5% 

11.8% 

45.4% 

64.3% 

21.4% 

14.3% 

44.4% 

placement which disappeared be- 
fore three weeks 



Average duration of displacement in 

16.4 days 

15,5 days 

those returning to normal before 
three weeks 


1 

Degree of healing of infarct on micro- 


1 

scopic examination j 



Advanced i 

18.8% 

' 7,7% 

Moderate 1 

Slight j 

56.2% 

2.5,0% 

61.5% 

30.8% 


•Averagre.s ba.sed on 13 cats in each grroup. 
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Blind 2’e.<?t---Tlie blind test whs applied to Hint part of the work 
which involved judgments. The description of the animal's appearance 
at tlic end of the tliree-wcek period, was made l).y one to wliom the 
identity of the animal as a control or one whicli had received amino- 
phylline was unknown. The outlining of the area of the infarct and its 
reproduction, as well as the classification of the microscopic sections, 
were also conducted under similar conditions. 

RESULTS 

Of the 52 animals in which the circumflex branch of the left coronary 
was ligated, 9 died of the acute effects of the infarction, and 12 died of 
other causes in less than three weeks. The causes of death in these are 
presented in Table I. 
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Size of Infarct In Square Inches 

Fis. 3. — Lack, of correlation of size of infarct with weierlit of ventricle.^. .Svinbol.s 

are a.s in PiET. 1. 


Table II shows the results obtained in 31 animals which survived the 
three-week period. Of these, 17 served as controls and 14 were treated 
with aminophylline. The two groups are aImo.st identical in re.spect to 
those factors which might have a bearing on the size of the resulting 
infarct, namely, the general condition of the animal, the body weight, 
the weight of the heart, the state of the animal’s nutrition as judged 
by the change in bod}' weight, and the blood pressure. 

Tlie average body weiglit at the beginning was 3.12 kg. in the con- 
trols, and 3.09 kg. in the treated group. The majority of tlie animals 
were indistinguishable from normal and some weighed more at the end 
of the three-Aveek period than at the start. The average change was a 
loss of 11.8 per cent of the original body weight in the controls and 
13 per cent in the treated series. 
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The mean blood pressure averaged 156 mm. of mercury in the con- 
trol series, and 145 mm. in the treated series. 

The average weight of the heart was 9,9 gm. in both groups. 

The average size of the infarct was 0.82 square inches in the control, 
and 0.95 in the treated group. Tho.se ti’eated with aminophylline, there- 
fore, had developed an infarct -wliieh on the average was 18.3 per cent 
larger than those whieli liad not received tlie drug. This difference 
would he increased if tlie area of involvement of the riglit ventricle 
had been included. This area, present in three of the treated group 
and in one of the controls, could not be measured on the endocardial 
surface of the heart by tlie method we employed. It is difficult to 
understand how aminophylline could have acted to make matters worse, 
and it is possible that a difference of this magnitude may be accidental. 

The eleven animals which survived the operation but died before the 
end of the three-week period showed e.ssentially similar rc-sults (Table 
III). 

Table III 

Results ix Axlmals Teeated IVith AirixornyLUXE axi> ix Coxtrols Wnicn 
Liv’ed SIoke Tiiax Twexty-Four Hours, But Died Before Three Weeks 


j 

coxtrol group 

TREATED CROUP 

Number of cuts i 

(i 

5 

Avcragc.s 

Duration of life 

9.5 days 

7.0 days 


(4-17) 

(5-12) 

Body weight 

2.04 kg. 

2.91 kg. 


{2.27-?>.2‘A) 

(2.57-.3.43) 

Duration of operation 

18,.5 min. 

13.0 min. 


(8-34) 

(10-17) 

Weight of ventricles 

7.0 gm.* 

8.0 gm. 

1 

(G.00-10.0) 

(6.9-11.5) 

.Size of infarct j 

0.82 sq. in. 

1.18 sq. in. 

1 

(0.41-1.14) 

I (0.87-1..50) 


•The ventricle-s were weighed In only 4 ,-infm.iJs of this group. 


An analysis of the electrocardiograms was made and some of the 
results are .summarized in Table II. Clianges in the T-waves were not 
considered reliable, because they occur spontaneously in unanesthetized 
cats,^“ and v'ere seen quite frequently in a series of animals in which the 
same operation was performed except for tlie ligation of the eoTonary 
artery, in connection rvith another study. Prolongation of conduction 
time above the eonti’ol (amounting to 0,03 second or more) occurred* 
in 8 of the 23 controls and in 5 of the 19 treated animals. These changes 
usually appeared immediately after the operation, although in some 
eases they were not present until a day or two later, and in all eases they 
were transient. The significance of the clianges in conduction is uncertain 
under the conditions of these experiments. The tracings of the treated 
and of the control groups were compared with regard to di.splaeements 
of the R-T segments and the incidence of ventricular tachycardia. The 


•Animals of Tables II and III are considered in these figrurcK. 
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chief change of the K-T segment was elevation’" above the base line in 
all three leads or in Leads II and III only, and in all cases in whieii it 
•occurred it was present immediately after the operation. The fre- 
quency of an elevated E-T segment seen postoperatively before any 
treatment, was substantially the same in both groups, namely, about 
88 per cent of the control group and 86 per cent of the group which 
was to be treated, and the degree of elevation was also similar in both 
(Table II). Aminophylline, 10 mg. per kg., injected intravenously in 



Fig-. 4. — ^Typical electrocardiograms after ligation of circumflex branch of left 
coronary. Note similar displacement of R-T segment and recoveri* in t-vventv-four 
hours for both control and treated animals, and absence of effect of aminophylline 
on R-T segment displacement. 


two instances, within a few minutes after the ligation did not reduce 
the displacement of the R-T .segment (Fig. 4). Treatment did not shorten 
the time required for the R-T segment to return to normal, namely, 
about sixteen day.s in each group. An observation having a similar 
significance is the fact that the numbers which failed to show eomjilctc 
return, of the segment to the base line at the end of the tliree-weck period 

•Due consideration was given to the- fact that in control tracings the R-T segment 
is sometimes elevated about 0.5 to 1 mm. above the base line. 
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were equivalent in the two groups. Ventricular tachycardia occurred 
much more frequently in the treated group (9 of 19 cases, or 47.4 per 
cent of the treated animals, and 2 of 23 cases, or 8.7 per cent of the 
controls), although the incidence of tliis disorder before any treatment 
Avas negligible (one in the treated group and tAvo in the controls). , 
This abnormal rhythm appeared in tAA'o and eight days respectively, 
in the control group, and in tlie otlmr group, during treatment for from 
tAvo to twenty-one days, aAmi’aged six days. This is the second un- 
favorable factor Avhich has appeared in tlic treated group. It is ap- 
parently not due to the fact that this gi'oup had the larger infarcts, for 
the cases of ventricular taeJiycardia AA-cre dispersed throughout the aaIioIc 
range of size of infarcts, from among the smal]e.st to the largest. This 
difference may also be purely accidental. 

A series of 68 sections from different regions of the hearts, including 
the center of the infarct, the area of transition and the adjacent muscu- 
lature, AAmre examined microscopically. Three sections AAmre selected as 
standards to represent three grades of healing of the infarct: 

Slight (large amount of necrotic ti.s.sue, relatively fcAV round cells 
and fibroblasts, and little or no collagen deposition) ; 

hloderate (little or no necrotic ti.ssue, a relatively loose arrangement 
of round cells and fibroblasts, and an early stage of collagen 
deposition) ; and 

AdA’anced (no necrotic tissue AvhatcA'er, a den.se, compact aia-angement 
of round cells and fibroblasts, and an advanced stage of collagen 
deposition). 

With this as a basis of comparison, 29 sections taken from the center 
of the infarcts Avere classified independently by each of tAAm of the 
Avorkers, and AAUthout knoAA'ledge of their identity as sections from 
treated or control animals. The results of this compai’ison shoAV that 
the microscopic ai)pearanee of the infarcts in treated and untreated 
animals cannot be di.stinguished (Table II). Photomicrographs of .sec- 
tions .shoAAnng adA'anced and .slight degrees of healing for typical mem- 
bers of both groups aj-e reproduced in Fig. 5. 

SU3IMAKV AND CONCLU.SION.S 

The present study in cats (19 treated and 23 control) sIioavs that 
daily treatment Avith fairly large do.ses of aminophylline does not exert 
any influence that can be considered faA'orable on the course of the 
infarction resulting from ligation of a large coronary artery, namely, 
the circumflex branch of the left A'C-ssel. 

IntensiA'c treatment Avith this drug for three AA'eeks AAms Avithout in- 
fluence on the .systemic blood pressui'c, or on the coui’se of the eleetro- 
cardiogi-apliie changes. Furthennorc, it did not accelerate the proee.ss 
of healing, nor did it reduce the size of the infarct. 
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The results of this studj' are therefore not in agreement with those 
wliich have been reported for the dog. It should be noted tliat, in addi- 
tion to factors whicii have already been indicated, tliese studies differ 
with respect to the species of animal and also the vessel ligated. It 
seems possible that the influence of the collateral circulation' after liga- 
tion of the entire left circumflex branch may be different from tliat 



Fig. 5. — Photomicrographs of sections of typical infarcts in both contiol and 
treated animals showing advanced and slight degrees of healing in each gromi at the 
end of three weeks. 

G-1 (control, advanced healing) ; C-2 (control, slight liealiug). 

T-l (treated, advanced healing) ; 'r-2 (treated, slight healing). 

after ligation of a portion of the left descending branch, and that this 
may ui part account for the difference in re.sults obtained. 

In any ease, the routine u.se of aminopliylline in tlie treatment of 
coronary thrombosis receives no support from tlie re.sults of the.se experi- 
meiit.s. Tliis eonchLsion is in accord Avith the results of the recent clini- 
cal study by Gold, Kwit, and Otto,’^ Avhich shows that the xanthines 
are without beneficial influence on the course of paiu iu angina pectoris. 
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THE SIGNIFICANCE OP AN ABSENT OH A S.^IALL INITIAL 
POSITIVE DEFLECTION IN THE PRECORDIAL LEAD'- 

A. M. ]\L4.ster, M.D., S. Dack, M.D,, H. H. Ivalter, M.D., axd 

H. L. Jaffe, M.D. 

New York, N. T. 

INTRODUCTION 

TN RECENT years the value of the precordial lead as an aid in the 

diagnosis of myocardial damage, and particularly of infarction, 
has been well established. The significance of absence of tlie initial 
positive deflection or Q-wave has been emphasized in many of tlie 
reports dealing with the precordial lead. In hundreds of normal con- 
trols cited in the literature^‘^“ this ivave has never been absent and as 
a rule has measured more than 2 mm., although occasionally a deflec- 
tion as small as 1 mm. has been noted. On the other hand Wolfei-th 
and Wilson and their coworkers^”'-^ have found the initial positive 
deflection frequently absent in coronary occlusion, clinical and ex- 
perimental, with infarction of the anterior surface of the heart. This 
did not hold for posterior infarction. Wood et al.-’^ later reported 
that it was rarely absent in other conditions, such as bundle-branch 
block and advanced myocardial disease without coronary occlusion. 
Bohning and Katz^^ found a small initial positive deflection frequently 
in coronary sclerosis. Recently, Levine and Levine-- have reviewed 
the precordial lead in coronary disease with particular attention to 
the initial positive deflection. Their post-mortem observations showed 
that not onl}^ was absence of this deflection nearly always associated 
with myocardial infarction but also ■ that infarction was present in 
one-half of the patients with an initial positive deflection measuring 
2 mm. or less. They concluded, therefore, that the absence of this 
deflection was indicative of myocardial infarction and assumed this 
to be iiresent in patients with angina pectoris even when there was no 
history of coronary thrombosis. IMoreover, these authors almost al- 
ways encountered an absent or small initial positive deflection in 
bundle-branch block in the absence of m.yocai-dial infarction.-'^ In a 
series of eases of coronary occlusion analyzed by Jervell-'’ the initial 
positive deflection was absent only Avhen there rvas recent or old in- 
farction of the anterior surface of the left A’entricle. 

2\IETHOD AND DATA 

At the Mount Sinai Hospital the precordial lead has been taken 
routinely in addition to the standard leads since 1934. Our interest 

‘From the Ciircliographic Lahoratorj'. Mount Sinai Ho.'spital. 

This study was assisted bv funds donated by Mr. Franl: Altsdnil, :Mr.s. CJiarU-.s 
Altschul, and Mr. Herbert H.' Lehman. 
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in tlif* sip-nifif'jnu'p of tlic inififil ])osilivc defieof ioii in 11i« precordijil 
iead was aronspd early by /indin»- il absent or SJiial) in several eases 
witliont myocardial damage or witb damagf* not assoeiaicAl with coro- 
nary artery disease. Pbirtliermore, llie relative significance of an 
absent and a small initial positive deflection "was inieertain. We have 
therefore analyzed the electrocardiograms obtained in 4,500 consecu- 
tive patients between April, 1934, and October, 1936, with particular 
attention to the initial positive deflection. 

The chest lead was taken by the method previously described bj- 
us.o. 15 The right arm electrode was placed over the precordium just 
within the apex, in the fourth or fifth interspace, and the left leg 
served as the site of the indifferent electrode. By this method posi- 
tivity of the precordial electrode is represented by a wave directed 
downward, and negativity bj^ a wave directed upward, the oppo.site of 
that which obtains in the standai'd leads. The precordial eleetro- 



Eig-. 1. — Three examples of normal precorcUal lead, (a) Recorded in the cu.stomary 
manner so that negativity of the precordial electrode is represented by an upward 
dcBection. _ The old nomenclature is gWen — an Initial downstrokc Q, followed by 
Uio intrinsic deflection R. In the third e.xample there is a small initial upward 
deflection preceding the Q. Tlie T-wave i.s inverted. (X>) Recoi'ded so that negativ'itj' 
of the precordial electrode i.s reprc.sented by a downw'ard deflection. New nomen- 
clature — an initial upward deflection R, and an intrinsic deflection S. In ex.ainple 
three there is <a small Q. The T-wave is upright. 


cardiogram thus obtained (Fig. la) consists of an initial downward 
positive deflection (Q-wave) followed by an upward negative deflection 
(R-wave) ; the T-wave is inverted. Since the introduction of the pre- 
cordial lead into routine use, it has been suggested by some'’’ 
including the senior author,'' that the polarity of the circuit be reversed 
so that the direction of the waves would conform to that in the standard 
leads. This is accomplished by attaching the left leg lead wire to the 
pvecordial electrode and the right arm lead wire to the indifferent 
electrode. The QKS complex then eon.sists of an initial positive up- 
ward deflection, the B-wave, followed by a negative downward in- 
trinsic deflection, tlie B-wave and the T-wave is upright (Fig. 17;). 
Not infrequently a .small negative deflection precedes the R-wave which 
is called Q-wave. Recently, Wilson-^ maintained that this ai’rangement 
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is tlicoretically more correet and lias adA-oeated Hie eliaiifre. It is our 
belief that it Avill be adopted by other worlcers in the near fiilnre. In 
order to avoid eonfnsion until this is done, in this pa])er Hie eoinponents 
of the QRS group will be referred to respectively as Hie initial positive 
deflection (Q-waA^e of old technique, K-AA'aA^e of ncAv) and the intrinsic 
hegath-e deflection (R-AA^aA^e of old technique, S-avra’c of neAv). 

In 64 patients the preeordial lead Avas also studied AA'ith the preeordial 
electrode placed at different positions on the chest AA-all. Position 1 
Avas tAvo cm. to the right of the right sternal line in the fourtli inter- 
space; position 2 Avas in the inidsternal line; position 3 AA’as tAAm cm. to 
the left of the left sternal line in the fifth interspace ; position 4, jnst 
Avithin the cardiac apex; position 5, outside the apex. In these 64 
patients, furthermore, the “neutral point’' or “zero potential” method, 
advocated by Wilson et al.^® and Kossman and Johnston, Avas em- 
ployed to determine if it posse.ssed any practical adA-antage oA'er the 
ordinaiy procedure described aboAm. The comparative results obtained 
Avill be discussed later, 

ANALYSIS OF CASES AVITH ABSENT INITIAL POSITIA^E DEFLECTIONS 

The initial positiA*e deflection Avas absent in 120 (2.7 per cent) of 
the 4,500 consecutive patients in AAdiom preeordial leads Avere taken. 
Seventy-nine of these (66 per cent) Avere knoAvn to have sustained a 
coronary occlusion, recent or old; in the remainder (34 per cent) no 
such history could be elicited nor did the clinical course suggest the 
presence of coronary occlusion. A perusal of Table I sIioaa's that in 
all but tAvo of the cases of coronary occlusion there v'as infarction of 
the anterior AAmll of the heart or a combination of anterior and pos- 
terior Avail infarction (Figs. 2, 3). Tavo eases Avere considered to 
present infarction of the po.sterior aa'dII alone, since eacli presented 
the typical electrocardiographic pattern (Qo, To; Q;; T;;) (Pigs. 4. 
15) and’ in one, post-mortem examination rcA'ealed thrombosis of 
the right coronary artery AAutli posterior infarction. IIoAvever, in this 
case there Avas also an old partial occlusion of the left anterior de- 
scending artery. While no eA'idence of infarction Avas found on tlie 
anterior Avail it is possible that it had formerly been present, Avhieh 
might explain the absence of the initial positive deflection. Thus A\'hen 
the initial posith^e deflection of the preeordial lead Avas absent in 
coronary thrombosis, the standard leads nearly ahvays shoAved a 
Qi Ti pattern and necrop.sA' reA-ealed infarction of the anterior surface 
of the heart. 

In the group of 41 ])atients AA'ilh an absent initial jiositive deflection 
but Avithout a definite clinical history of coronary thrombosis, 27 
exhibited unequiA'oeal clinical or electrocardiographic evidence of 
myocardial damage associated AAuth arteriosclerotic heart disease or 
long-standing hypertension. Only three of these patients came to 
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post-mortem examination but all showed j-eeent or old coronary oc- 
clusion with anterior or botli anterior and posterior wall infarction. 
Although many of tlie remaining 24 patients had never had precoi'dial 
pain, and those with angina pectoris had never had a major attack 
which could be interpreted as a coronary occlusion, a previous silent 
or gradual coronary closure could not be definitelj" ruled out in view 
of the marked cardiac damage present in these cases and of the post- 
mortem findings in the above three cases. In these 24 patients, tliei-e- 



Fig. 2. — Acute coronary thrombo.sis (anterior wall infarction), JIale, aged forty 
years. Sept. 10, 1935. One week after the attack. The standard leads show cove- 
plane Ti and Ts. In the precordial lead the T-wave Is directed oppositely to the 
normal and the initial positive deflection Is absent. This Is the typical appearance 
In anterior wall infarction. May 18, 193k The standard leads are returning to 
normal although Ti still is scmi-inve.’-ted. T* has become normal. The Initial posi- 
tive deflection has reappeared but is .small. ThI.s small deflection may be the only 
remaining abnormality following coronary occlusion. 



Fig. 3. — Old coronary thrombosis. Male, aged sixty years. Post-mortem examina- 
tion shows an old occlusion of the left anterior descending coronary arterj' with 
an aneurism of the left ventricle. The standard leads show marked LVP, large Qi 
and Inverted Ti, characteristic of anterior wall Infarction, The onlv' abnormality in 
the precordial lead is absence of the initial positive deflection. 


fore, it is possible tliat the absence of tlie initial positive deflection 
represented unrecognized myocardial infarction, as Levine and 
Levine^^ believed to be the case in their patients with angina pectoris. 
On the other hand, we have seen this finding present in patients with 
advanced coronary selerosi.s,” bundle-branch or intraventricular 
block'*- “* or only an enlarged left ventricle-' iu the absence of 
coronary thrombosis. It may be that the absence of the initial posi- 
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live deflection in our group can be explained in this way, for the 
majority had marked enlargement of the heart as a result of long- 
standing hypertension and the standard lead electrocardiogram often 
showed a typical hypertensive pattern, that is, marked left ventricu- 
lar preponderance, high voltage and Ti inversion (Fig. 5). Still 
others showed marked intraventricular conduction defects and occa- 
sionally bundle-branch block (Pig. 6). Additional jiost-mortem exami- 
nations are necessaiw to settle this point. 



Pig 4 ^Recent coronarv thrombosis. Male, aged sixty-two yeats. Standard leads 

show t- Ts pattern characteristic of a posterior wall Infarction. The precordial lead 
shows Almost complete disappearance of the initial positive deflection. The T-wave 
is of high amplitude hut of normal direction. 


pjg. 5 Calcific aortic stenosis. Male, aged flfty-Hve year.s. At post-mortem 

e.xamination the left ventricle was enormously hypertrophied and the heart weighed 
1 n=in nrn but the coronary arteries were normal. The standard lead.s are character- 
istic of^hlargement of the left ventricle. The initial positive deflection in the pre- 
cordial lead fs extremely small. Note the huge negative intrinsic deflection. The 


r« is normal. 

Pig-, 6. — Essential hypertension 


Eemale, aged fifty-two years. No history or 


mS p^^?our^r;;;,aiw;octy;si^ri:ifr a 

small to absent initial positive dcflecUon in the piocordial lead. 


Absent Initial Positive Deflection in Cases Withont Infarciion . — 
There remain 14 patients with absence of the initial po.sitive deflection 
in which the diagnoses were miscellaneous (Table I). The presence of 
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myocardial infarction in this group was most improbable, because of 
tJie comparative youtli of tlie patients as well as the clinical course. 
These cases were diagnosed acute or chronic nephritis, 4; rheumatic 
cardiovalvular disease, 3; syphilitic heart disease, 2; spontaneous 
pneumothorax, 2 ; acute myocai’ditis of unlfnown etiology, .1 ; thyrotoxic 
heart disease, 1; and severe anemia, 1. The patients with acute ne- 
phritis were aged fifteen, twenty-seven, and forty years I’espeetively. 
There was no clinical evidence of eovonavy disease although definite 
electrocardiographic changes were present (Pigs. 7, 8). The latter 
are common during the course of acute glomerulonephritis and have 

Taiu-k I 


Analysis or 120 Gases or Absent Initial Positive Dkelectio.v 


CLINICAL DIAGNOSES (320 CASES) 

rO.ST-MORTElf (j!J CASES) 

79 old or recent coronary occlusion 

12 old or recent myocardial infarction 

69 anterior (Q, T, type) 

8 anterior wail infarction with L.AD 
owdusion 

2 po.sterior (Q, T, tj-pc) 

1 posterior wall infarction witli right 
coronarj' and old partial LAD oc- 
clu.'sion 

8 anterior and poi^terior 

3 anterior and po.sterior wall infarc- 
tion with LAD and right coronary 
oc('ln.«ion 

•11 no liistory or cdinical .signs of coronary j 
tlirombo.sis i 


27 artcrio.sclerotic or Jiyportonsive 

Iieart diseaKC 

3 old or recent coronary tlirombosis 
with anterior wall infarction with 
L.AD occlusion 

14 mificellaneous diagnore.**' 

.3 rheumatic cardiovalvular dipoace 

2 cardiovascular syphiliK 

3 acute nephritis 

1 chronic nephriti.« 

1 acute myocarditis, unknown 
etiology 

2 spontaneou.s pneumothorax 

1 thyrotoxic heart di.sease 

1 .‘-•evere anemia ! 

1 


already been reported by us."'' These changes arc transient, including 
absence of the initial positive deflection, and mai' be explained on 
the ba.sis of myocardial involvement as a result of diffuse eapillaiy 
damage which occurs in acute glomerulonephritis. 

In two instances of spontaneous pneumothorax the initial po.sitive 
deflection was absent and in two othei's it was A'ery small. In all four 
there was definite displacement of the mediastinum as seen on roent- 
genogram and the standard lead electrocardiogram revealed a peculiar 
axis deviation apparently due to rotation of the heart (Fig. 9), In 
three cases, absorption of the jnieumothorax, with re-exiiansion of the 
collapsed lung and return of the media.stiuum to its usual position, 
was accompanied by a return to normal of the. electrical axis and' of 
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the initial positive deflection. It is tluis evident that rotation or dis- 
placement of the mediastinum, in the absence of cai’diac disease, maj' 
not only distort the electrical axis in the standard leads, as already 
demonstrated by one of us,~® but may also cause disappearance or 
marked diminution in size of tlie initial positive deflection of tlie pre- 
eordial lead. 



Pig-. 7 . — ^Acute glomerulonephritis. Male, agree] Vvent.v -seven years. Dec. IS, 1935. 
Flat T-tvavos In standard leads. In the precordial load the initial positive de- 
flection is absent and the T-wave is diphasic. Jan. 8, 1936. Tj has become inverted, 
Ts and Ts are normal. The initial positive deflection lias reappeared and T< i.s normal. 




Fig. 8.— Acute glomerulonephritis. Male, aged sixteen years. Feb. 3. 1^6. 
Standard leads normal except for LYP. The only deflnite abnormaht.v Pr^'cnt is 
absence of the initial positive deflection in the precordial lead. Feb. l-J. 1936. 
Standard leads are unchanged. Tlie initial positive deflection of the iirecordial lead 
has reappeared and Ti is of higher amplitude. 


Three other patients in this miscellaneous group were males, aged 
thirty-five, thirty-six, and thirty-nine years respectively, who suffered 
from chronic rheumatic vahmlar disea.se. Two of tliese had aortic in- 
sufficiency with marked left ventricular preiionderance and a large left 
ventricle* (Pigs. 10 and 12) and one had mitral stenosi.s with right ven- 
tricular preponderance and a large rigid ventricle (Pig. 11). Tliese three 
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cases emphasize again that a large heart may lead, to disappearance of the 
initial positive deflection in the absence of mimeardial infarction. 

Summary . — It is seen that absence of the initial positive deflection in 
the precordial lead nearly always signifies myocardial involvement. In 
two-thirds of the cases of this series it was due to myocardial infarction 
involving the anterior surface of the heart, very rarely the posterior 
wall. It may be absent also in patients with conditions other than myo- 
cardial infarction or coronary sclerosis, such as glomerulonephritis, 



Fig-. 9. — Tension pneumothorax, left side. Male, aped twenty -one years, 3'eb. 
18, 1936. The .standard leads show an unusual electrical axi.s due to rotation and 
displacement of the heart. The precordi.al lead shows absence of the initial posi- 
tive deflection in all positions on tiie chest wall. The T-wave is diphasic in po.sl- 
tlons 3, 4, and 5. Oct. 1.5, 1936. Almost complete absorption of the pneumothorax. 
The heart has returned to the normal position. There is now left axis deviation. 
The initial positive deflection has reappeared in all positions except position 1. 
The T-wave is normal. 

(Position 1 is two cm. to the right of the right sternal line. Position 2 is at the 
midstemum. Position 3 is two cm, to the left of the left sternal line. Position 4 
is just within the apex. Position 5 is outside the apex.) 

rheumatic and s3T5hilitic heart di.sea.se, intraventricular block. Finally, 
rotation or displacement of an otherwi.se normal heart niaj^ produce dis- 
appearance of the initial positive deflection. 

QBS of Unusnol Form (M mid W-shapcd QRS ). — In 24 patients in- 
cluded in the group ivith an absent initial positive deflection the QKS 
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complex of tlie precordial lead was of au imiisiial foimi (Pigs. 13, 14, 
15). Tills type of QES group was often widened and consisted of a 
large initial negative wave followed by a more or less large positive 
wave and frequently a second negative wave (W or M type). Bohning 
and Katz^i pointed out the frequency of such a QKS group in patients 
vdth coronary" sclerosis or intraventricular block. In the majority of 
cases we found this type of ventricular complex to haA'e the same sig- 
nificance as that in which the initial positive wave was absent and 
only a large negative wave present. In recording the precordial lead 
in these patients in the five positions on the chest wall described pre- 



Fjp in Chronic rheumatic valvular disease, aortic insufficiency. Male, a^ed 

thirt>?si.K years. Left ventricle markedly enlarged Standard leads 
LVP and inversion of T; and Ts. The initial positive deflection in the precordial 
. lead is absent and the T^ is of high amplitude. 

, Fig. 11.— Chronic rheumatic valvular disease, 

seven years. Enlarged left auricle and right yentncle. The standard leads nio 
marked RVP. The Initial positive deflection in the precordial lead Aanes fro 
small to absent The is normal. , j 

Fig. 12.— Chronic rheumatic valvular disease, mitral stenosi^s. and aortic n- 
sufficiency. Male aged twenty-one years. Standard ®hmv o^i ii'''norma1 ^ 

version. The initiaP positive deflection is extreme^ small. The Tt i, norm, . 


viously, it was noted that ivlien an M or W-sbaped QKS was present 
in the routine position (jitst within the apex), the ordinaiy t.vpe of 
complex with an absent initial positive deflection frequently appeared 
in the other positions on the chest wall (Figs. 13, 14, 15). Thus when 
an abnormal QKS of this t,i-pe is observed in the routine precordial 
lead, one should repeat the electrocardiogram obtaining records from 
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the various positions across the chest. This procedure will usually 
demonstrate an ahseiit initial deflection in one or moj’c of these posi- 
tions. Occasionally there was obseiwcd a ti’ansition fi’om an M-shaped. 
QRS to a monophasic QRS in the same record, probably due to dilfcr- 
ent i^hases of respiration (Fig. 16). All the patients x^resenting this 
abnormal type of QRS had marked myocardial disease and 15 of the 
21 had suffered a coronary occlusion. Wilson aiid his coworkers*”’ 
have suggested that an M or W-shaped QRS group appears when only 
the inner layers of the ventricular wall are infarcted or when the pre- 
cordial electrode is placed over the edge of an area of infarction. 



Fig-. 13. — Coronary thronibosi.s two years previously (.anterior wall infarctlon). 
Male, aged fortj'-nlne years. Standard leads present re.sldual Qi and W-shaped 
QRS in Lead II. The QR.S complex In the routine precordial lead (position 4) l.s 
of an abnormal typo (R-,S type) and tb.e T-wai'e in dlreeted opposite to the normal. 
Other posltlon.s (1,2,3) show absence of the initial positive deacctlon. 

Fig. 14. — Coronary thrombosis two years previously (anterior wall infarction). 
Male, aged fifty-nine years. Standard le.ads show Qi Ti pattern. The QR.S In the 
routine precordial lead (position 4) is M-.shaped and the T-wave is opposite to the 
normal. In positions 1, 2, and 3 the initial positive deflection is absent. 

Fig. 15 . — Coronary thrombosis two years previously (posterior wall infarction). 
Male, aged forty-nine years. Standard leads shoiv Qj Qz pattern. Routine precordial 
lead (position 4) shows M-shaped QRS and an abnormal T-wave. The initial posi- 
tive deflection is absent in positions 2 and 3. 


WJieii t]ie eJeeti’ode is moved toward tJie center of the infarct the QR.S 
will become of the usual type with n single negative deflection. 

Permanence of Absence of the Initial Positive Deflection. — Eighty- 
three patients with an absent initial positive deflection had repeated 
electrocardiograms ; in 14 of these the positive deflection reax)peared. 
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This group comiiriseci 11 patients suffering from reeent coronary 
tliroinhosis (Figs. 2,. 18, 19), two from acute nephritis (Figs. 7, 8) and 
one from spontaneous pneumothorax (Fig. 9). In four of the patients 
with coronary thrombosis the deflection Avhich reaiiiieared remained 
small (Fig. 2). The time of reappearance varied considerably, the 
shortest interval being three days and the longest, one year. How- 
ever, these figures are not precise since the electrocardiogi-anis were 
not always taken at regular intervals. The reappearance of this de- 
flection was not ahvays associated ivitli changes in the standard leads. 



Fig'. 16.~Oia coronary thrombosis two years prcviovisly (posterior wall infarc- 
tion). Male, ag'ed sixtj' years. Standard leads show Q: Q: Ts pattern. Tlie pre- 
cordial lead shows an abnormal M-shaped QRS which varies in appearance from 
beat to beat. In the second beat the initial positive deflection is seen to be absent. 



Fifr. 17. — Recent coronary thrombosis (anterior wall infarction). Female, aftel 
flftv vears Mar, 9, 1936.' Three week.s after acute attack. Standard lea d.s show 
auricular fibrillation, small Qi and inversion of T,. In the 

characteristic of anterior infarction the mitial d.^^?ectmn us m>scnt^ a^^^^ 

the T-wave is directed opposite to the normal. Jrily b, 1^36 Fom months Uten 
The standard leads have returned to normal tor the .mall ^ ' .pf ‘ 

also become normal but the initial downAvarcl deflection h c . . 

the only remaining sign of previous infarction. 


for iu several cases the latter remained abnormal (Figs. 38. 39). Xor 
did this wave reappear iu every case in which definite clinical im- 
provement occurred. In many of the ca.^^es of coi-onary thrombosis 
observed since IdU, it lias remained absent until the presmit time 
despite disappearance of clinical symptoms and of many of the ab- 
normalities in the standard leads (Fig.s. 13. 37). Similar obscrvation.s 
were reported by Wood and bis associate.s," 
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Correlation of Absent Initial Positive Deflection With Abnormal 
T-wa-ve . — In somewhat over half the eases an absent initial positive de- 
flection was accompanied by an abnormal T-wave, that is, one of nega- 
tive polarity (upright T-wave of old terminology) (Figs. 2, 17), 
Nearly all these (82 per cent) were cases of coronary tlirombosis. The 
presence of both of these abnormalities is therefoi’e characteristic of 
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Flgr. 18. — ^Acuto coronary thrombosis. Female, aged flfty-nine year-s. Mar. 27, 
1935. Three days after the acute attack, .Standard leads show EVP and diphasic 
Ti. The Initial positive deflection is very small. Tt is normal. Mar, 30. 1935, E'o 
change in the standard leads. The initial positive dencctlon has returned to normal 
within three days. 



Fig. 19. — ^Acute coronary thrombosis (anterior wall Infarction), Male, aged forty- 
eight years. Aug. If, 1936, One week after the acute attack. The standard leads 
show marked EVP. Intraventrlcuhar conduction defect and Ti inversion. The initial 
positive deflection of the precordial lead is absent but Ti is normal. Sept. 10, 1930. 
No change in the standard leads. The initial positive deflection has reappeared with- 
in one month. 


anterior wall infarction. On the other hand 46 per cent of case.s witli 
absent initial po.sitive deflection presented a normal T-wave, that i.s, 
one of po.sitive polarity; while mjmeardial involvement was present in 
all of these, only nine had infarction (Figs. 3, 19). In the latter cases 
the absent initial positive deflection was the only sign in the precordial 
lead of infarction. Occasionally there was very little abnormality 
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even in the standard, leads, particnlarly following recovery from an 
attack of thrombosis (Fig. 17). Moreover in several eases of recent 
coronaiy thrombosis the initial deflection remained absent or small 
long after an abnormal R-T transition or T-Avave had retuimed to nor- 
mal (Figs. 2. 1/). As Wilson et al.^" have already pointed ont. the 
QRS changes following myocardial infai’ction are more permanent 
than the T-waA’e changes. Our OAvn observations corroborate this, -for 
onl 3 '' in a small iiercentage of eases did the initial positive deflection 
reappear after one to two Amars. 

ANALYSIS OF CASES AVITH SMALL INITIAL POSITIVE DEFLECTION 

In addition to absence of the initial posith^e deflection a study Avas 
made of those eases in Avhieh, while present, it measured onl.y 2 mm. 
or less. One hundred and seA'^enty-fiA’^e or 3.9 per cent of the 4,500 
patients studied shoAved this finding. Nearly all these patients (92.5 
per cent) had definite clinical or electrocardiographic CAudences of 
mimcardial inArnh’-ement. In only 13 patients ( 7.5 per cent) Avas the 
heart presumably normal. 

Eighty-four per cent of the patients Avith a small initial deflection 
shoAimd abnormalities in the three standard leads indicatiA'e of mjm- 
cardial damage. Bundle-branch block occurred in 11 per cent and a 
definitely enlarged heart in OA^er one-half of the cases. Aiml.vsis of 
the clinical and pathological diagnoses in the 175 eases rcA-ealed the 
foUoAving (Table II) : 51 (29 per cent) had recent or old coronary 
thrombosis (Figs. 2, 18) ; 65 (37 per cent) had coronary artery disease 
AAdth or Avithout hj^pertension ; 25 (14 per cent) had chronic rheumatic 
valAuilar disease (Figs. 5, 11, 12). The remaining 21 cases included 
essential hj^’pertension, chronic pulinonaiy disease, subacute bacterial 
endocarditis, acute and chronic nephritis, s.A’philitic aortitis, thju’oid 
heart disease, paroxj’smal tach^'cardia, and Libman-Sacks' disease. 
The 13 patients (7.5 per cent) Avithout any clinical or electrocardio- 
graphic signs of cardiac invoh^ement Avere admitted AAuth the follOAv- 
ing diagnoses: mild essential hjiierteusion, spontaneous pneumo- 
thorax, obesity, h^implastie heart, thyroiditis, niAmsthenia gravi.s, in- 
fectious arthritis, and psychoneurosis. 

It is thus seen that an initial positive deflection in the precordial 
lead measuring 2 mm. or less is almost alAA'OA's definitely' abnormal and 
in the vast majority of instances is observed in patients Avith myo- 
cardial involA’’ement, usuall.A* associated AA’ith coronary' sclerosis AA'ith 
or Avithout thrombosis. A small initial deflection may be the only' ab- 
normality found in the preeordial lead, even when the standard leack 
present definite abnormalities, including T-AvaA^e changes (Pigs. 2, 5, 
11, 12, 18). Thus in only 35 cases (20 per cent) Avas the small initial 
positiA'c deflection accompcinied by' an abnormal T-aabac in the pre- 
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cordial lead. This is in contrast with an incidence of 5i per cent in 
patients with an absent deflection. .Similarly, the incidence of coro- 
nary thrombosis in the former group was smaller, that is, only 40 per 
cent. Yet, it is our feeling that in the cases of coronary thrombosis 
the small initial positive deflection was just as significant as the ab- 
normal T-wave. The importance of a .small initial positive deflection 


Table II 

Analysis op 175 Cases With Small Initial Positive Deflection 


CLINICAL DIAGNOSIS (175 CASES) 


POST-MORTEM (20 CASES) 


50 recent or old coronary thrombo.sis 14 recent or old coronarj' thrombo.sifi 

2 anterior wall infarction 

4 posterior wall infarction 

5 anterior and posterior infarction 

00 arteriosclerotic or hypertensive 1 recent and old coronarj- thrombo.sis 

heart di.sease " (posterior infarction) 

0 coronarj' sclerosis 

25 rheumatic valvular disease 2 rheumatic valvular disease (mitral 

and aortic) 

7 chronic pulmonarj- disease 
3 essential hj-pertension with abnormal 
electrocardiogram 
0 miscellaneous heart disease 


2 subacute bacterial endocarditis 1 .subacute bacterial endocarditis in 

.sj-philitic aortic insulSciencj- 

1 Libman-Sacks’ disease 1 atypical verrucous endocarditis with 

mj'ocarditis 

1 syphilitic aortitis 

2 paroxj'smal tachycardia 
5 miscellaneous disease 

1 chronic nephritis 

2 acute nephritis 
1 colloid goiter 

1 mj-xedema 

1.3 no heart disease 

2 obesitj- 1 flabbj- heart but normal mj-ocardium 

4 essential hj-pertension with normal 

hearts 

2 .spontaneou.s pneumothorax 
1 hj-poplastic heart 
1 thjToiditis 
1 myasthenia gravis 
1 infectious arthritis 
1 p.sj-choneurosis 


i.s further emphasized by the observation that it may frequently di.s- 
appear entirely for several beats and then reappear (Pigs. 8, 11). 
As this was usually a phasic change it was probably dependent on the 
re.spii-atoiy movements of the heart. Furthermore, a small deflection 
not infrequently disappeared when the precordial electrode was .shifted 
a few centimeters on the ehe.st wail. Thus a .sharp .separation of ab- 
sent or very small initial positive deflections was not alwaj's po.ssible. 

Very little importance has been attached to the height of the in- 
ti-insic negative deflection* in the precordial lead since it may vary so 


Upward R-wavo of old technique, downward S-wave of new. 
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much in normal records; it may be very large or very small (Fig. 1). 
Hoveverj some useful information may be gathered from correlation 
of the amplitude of the two deflections of the QKS. It was found that 
nearlj* all the patients with a small initial positive deflection and no 
evidence of heart disease had an intrinsic deflection measuring not 
more than 10 mm. The patients with coronar}' thrombosis usually 
had a large intrinsic deflection in the presence of a small initial de- 
flection, Thus the significance of the latter is greater when the am- 
plitude of the succeeding deflection is above 10 mm. For example, 
an initial positive deflection of 1.5 mm. appears less significant to us 
when the intrinsic negative deflection is 7 mm, than when it is 17 mm. 
Again, an initial positive deflection of 2 mm. with an intrinsic deflection 
less than 10 mm. is equivocal, but if the latter is 20 mm. or more we 
are certain that such an initial positive deflection is abnormal. Hence 
in doubtful eases it is wise to correlate the amplitude of the two de- 
flections of the QRS group. 

VARIATION IN SIZE OP THE INITIAL POSITIVE DEFLECTION 

It is well known that the QRS complex in the precordial lead shows 
variations in amplitude in repeated records. This has been attributed 
to slight inescapable changes in the position of the precordial elec- 
trode. We therefore investigated the records of 92 patients with a 
small initial positive deflection on whom repeated electrocardiograms 
were obtained at varying intervals. In 71 of these this deflection re- 
mained 2 mm. or less in all records, although minor variations in size 
did occur. In the other 21 cases it varied back and forth from small 
to normal in serial records. In these 21 cases there was no correlation 
between changes in the size of the initial positive deflection and the 
amplitude of the succeeding negative deflection. It is possible that in 
many of these patients the variations were associated vdth changes in 
the heart muscle, for the patients included cases with coronary throm- 
bosis and progressive coronary artery disease. In some, however, a 
change in the position of the electrode Avas probably the cause. 

- In 42 of the cases witli a small initial positii^e deflection Avhich had 
repeated electrocardiograms there Avere noted also variations in the 
amplitude of the intrinsic negatiA’e deflection. Yet in none of these 
did the former become greater than 2 mm. eA^en AA’^hen the latter 
doubled in size. We may conclude therefore that abnormal initial 
positWe deflections may remain small, independent of change in the 
amplitude of the intrinsic deflection. 

THE INITIAL POSITIVE DEFLECTION IN CORONARY THROMBOSIS ; 

CLINICAL CORRELATION 

Since absence of the initial posith^e deflection (absent Q4 of pre- 
Auous authors) has been emphasized as a diagnostic electrocardio- 
graphic sign of mA^oeardial infarction, Ave haA^e made a particular 
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study of this deflection in a lai-ge series of coronary tlu'ombosis. In 
Table III we have arranged 261 consecutive cases of recent and old 
coronary tlirombosis and have correlated the site of infarction with 
the presence or absence of this deflection. In 128 patients with in- 
farction of the anterior surface of the heart, diagnosed by a typical 
electroeai’diographie pattern (Qi Ti type), the initial positive de- 
flection in the precordial lead was absent in .slightly more than half 
the eases, small, in one-sixth and normal in about one-third. In 78 
patients with infarction of the posterior wall (Qs T?, type), it was 
normal in all but 11 cases ; in 9 of the.se it was small and in only two 
was it absent.. In 30 patients with signs of infarction of both anterior 
and po.sterior surfaces no clear cut divi.sion was found; the initial 
positive deflection Avas normal, small or absent, depending apparently 
upon which lesion exerted the predominant effect on the fonn of the 
electrocardiogram. It is notcAvorthy, hOAA'CA’^er, that the frequency of 
absence of the initial po.sitiA^e deflection AA^hen the anterior and pos- 


TABr.E in 

Tiik Initial Positive Deflection in Cokonaby Tubombosis (2C1 Case.s) 


location of infarction 

NO. of cases 

INITIAL 

ABSENT 

rOSITIA’E PEFI.ECTION 

S-MALL NORMAL 

Anterior wall 

128 

71 (55.0%) 

19 (15.0%) 

38 (30.0%) 

Posterior wall 

78 

2 ( 2.5%) 

9 (11.5%) 

07 (80.0%) 

Anterior and posterior 

30 ! 

9 ( 30 . 0 %) 

13 ( 43 . 0 %) 

8 (27.0%) 

Undetermined location 

25 


10 ( 40 . 0 %) 

15 (00.0%) 

Total 

201 i 

1 82 (81.0%) 

51 ( 19 . 5 %) 

128 (49.0%) 


terior surfaces of the heart Avere iuA'oh'ed Avas much smaller than Avhen 
the infarction Avas limited to the anterior Avail. An absent initial posi- 
tive deflection in coronary thrombosis A\uth but tAvo exceptions (Fig. 15) 
occui'red only AA'hen the anterior surface of the heart aa'Us damaged, 
AAdiether this Avas the sole injuiy or AA’^hether the posterior Avail also 
Avas invoh'ed. A small deflection, hoAvcA'cr, occurred almost as fre- 
quently in po.stei’ior as in anterior AAmll infarction (Fig. 4). 

IXITIAE PO.SITI\T3 DICFLECTIOX HC COHOXARY THROMBO.SIS; 

PO.ST-MORTEjr CORRELATION' 

The above conclusions Avere coiToborated by the ob.serA'ations in 50 
patients Avith coronaxy thrombosis in Avhom post-mortem examination 
was made (Table W). There AX'ere 15 patients Avith anterior Avail in- 
fax-etion; the initial po.sitiA’^e deflection Avas absent in elcA'cn, small in 
tAvo and. normal ixi the remaining tAvo, In 13 patients AAuth po.sterior 
AA'all infarction it Avas small four times and absexxt only once. Hoav- 
ever in the latter ease the ab.sent deflection may liaA^e resulted froxn 
an old partial occlusioxi of the left anterior deseexxding coronaxy' 
arlexy which Ax-as also present. When infarction of both anterior and 
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posterior walls was found (19 cases) tlie initial positive deflection 
was absent only four times and small in one-balf of tbe cases. Again 
we note tbe smaller incidence of absence of tbe initial positive deflec- 
tion wben anterior wall infarction is accompanied bj' posterior wall 
infarction. Perhaps tbe latter sets np an electrical efl:ect wbicb bal- 
ances tliat of tbe fonner, so that tbe QKS complex remains normal. 
In two cases of infarction of tbe lateral wall of tbe left ventricle and 
in one case of septal infarction without involvement of tbe anterior 
surface, tbe standard lead electrocardiogram showed a typical Ti 
Tg pattern but a normal QES was present in tbe precordial lead. It 
is thus evident that in coronary thrombosis absence of tbe initial posi- 
tive deflection almost invariablj'^ denotes infarction of tbe anterior 
wall. However a normal initial positive deflection not infrequently 
occurs in tbe presence of infarction in this site, particularly wben tbe 
posterior surface of tbe heart is involved simultaneously. 


Table IV 

The Initial Positive Deflection in Acute Coron.vry Thkosibosis 
(50 Post-mortem Cases) 


LOCATION OP INFARCTION 

p 

o 

INITIAL 

POSITIVE DEFLECTION 

CASES 

ABSENT 

S.MALL 

NORMAL 

Anterior wall 

15 

11 (73.3%) 

2 (13.3%) 

2 (13.3%) 

Posterior wall 

13 

1 ( 8.0%)* 

^ 4 (31.0%) 

S (Gl.0%) 

Anterior and posterior 
wall 

Lateral wall (left 

19 

4 (21.0%) 

9 (47.5%) 

6 (31.5%) 

2 

0 

0 

2 

ventricle) 

Anterior septum j 

1 1 

0 

0 

1 

Total 

50 

16 (32.0%) 

15 (30.0%) 

19 (38.0%) 


♦Plus old partial thrombosis of left anterior descending: without anterior Wail 
infarction. 


SMALL INITIAL POSITIVE DEFLECTION ; POST-AIORTEM OBSERVATIONS 

It has already been shown that wben tbe initial iiositive deflection 
is small, clinical or electrocardiographic evidence of myocardial dam- 
age is usually present. In our opinion, a small initial positive deflec- 
tion is almost as significant as an absent one, and tbe post-mortem 
observations in 26 patients with this finding- (Table II) support this 
view. Fifteen of these showed evidence of myocardial infarction, 
recent or old. However, in contrast to an absent initial positive de- 
flection, a small one' did not tend to localize tbe infarction to the an- 
terior surface. In only two of these fifteen patients was tbe infarc- 
tion limited to tbe anterior wall; in five it was solely posterior; and in 
eight, both anterior and posterior. Of tbe eleven iiatients without 
infarction ten showed definite myocardial involvement due to coronary 
sclerosis or to valvular disease. In only one was the heart muscle 
normal. Levine and Levine*- similarly found myocardial infarction 
in one-balf of a group of fifteen patients with a small initial deflec- 
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tion examined post mortem. The post-mortem observations of these 
authors and our own lead to the conclusion expressed previously that 
a small initial positive deflection nearly always indicates myocardial 
involvement and usually is associated with recent or old coronarj" 
thrombosis, whatever the site of infarction. 

SIMPLE CHEST ELECTRODE \T-:rSU.S “ZERO POTENTIAL” LEAD 

Recently Wilson and his associates^® and Kossman and Johnston^® 
have employed the so-called “zero potential” lead to exclude any 
possible effects of the indiff’erent electrode. They pair the precordial 
electrode with a central terminus which is connected through three 
large and equal resistances to both anus and left leg. They regard 
the potential of this terminus as practically zero throughout the 
cardiac cycle and the cuiwe obtained to represent the potential varia- 
tions of only the precordial electrode. These investigatoi-s point out 
that the potential of the left leg which is the site of the indifferent 
electrode may be great enough to alter the appearance of the pre- 
cordial lead. Thus it is claimed that if the initial positive deflection 
is small when the precordial lead is obtained by the ordinarj’- method, 
it may at times be absent if the “zero potential” method is used. This 
may be theoretically correct but actuall3' we found little difference 
when the precordial lead was recorded with both methods in the same 
patient. 

In 28 cases with a normal QRS gi’oup in the precordial lead, the lat- 
ter was taken in the five positions over the chest wall as previonslj' 
described, Muth both the “zero potential” and the ordinarj’- simple 
electrode. Although slight differences in voltage were observ'ed, in 
no instance did a normal initial po.sitive deflection become small or 
disappear when the lead was recorded b3^ the Wilson technique. Simi- 
larl3', no change occurred in 9 patients with m3'0cardial damage in 
whom this deflection was small. A few variations, however, were 
found in a group of 27 patients with an absent initial positive deflec- 
tion. In five in.stanees the “zero potential” lead presented a .small 
instead of absent deflection in all or some of the chest positions. The 
diagnoses in these 5 patients were re-spectiveU' recent coronar3^ throm- 
bosi.s, old coronari' thrombosis, rheumatic aortic insufficiency', .spon- 
taneous pneumothorax, and acute myocarditis of uncertain etiolog3'. 

It appears to us from these observations that the “zero potential” 
possesses no diagnostic advantage over the routine method, so far as 
the initial positive deflection is concerned. The greate.st change, from 
an absent to a very small deflection, was not common. Furthermore, 
the significance of a very small deflection is almost as great as that of 
an absent one. 
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CAUSE OF ABSENT INITIAL POSITIVE DEFLECTION 

Wilson and liis associates^^'-^ believe that absence of the initial 
jiositive deflection is due to the presence of an area of dead or inacth>-e 
tissue on the anterior surface or a:pieal region of the heart. They, as 
well as Bellet and Johnston,^ have demonstrated that absence of the 
initial positive deflection was a constant late finding in direct and 
indirect leads from a dog's heart after ligation of the left anterior 
descending coronary artery. They attributed this to the fact that 
since the infarcted area no longer responded to the stimulus there 
was no difference in potential between the endocardial and epicardial 
surfaces. The electrocardiogram therefore resembled one obtained 
by leading off directly from the ventricular cavity in which the QRS 
group consists only of a large negative deflection. Levine and LeAune-- 
agreed that absence of the initial positive deflection was nearly always 
due to myocardial infarction but did not explain its absence in their 
cases of bundle-branch block and pericarditis. On the other hand, 
Frucht^^ believed that enlargement of the left ventricle, by causing 
rotation of the heart, could produce absence of this deflection. How- 
ever, because of his lack of post-mortem evidence and since the initial 
deflection frequently remains normal in spite of considerable cardiac 
enlargement, this Auew has not been accepted. Our results tend to 
show that both these factors, anterior wall infarction and cardiac 
rotation or enlargement, may be significant. Obviously in the cases 
of pneumothorax there was no myocardial involvement, but the hearts 
were definitelj’ rotated and displaced. When the cardiac axis re- 
turned to normal, the QRS group in the precordial lead also became 
normal. Furthermore, the eases of rheumatic vahuilar disease in 
young individuals with a large heart and absent or small initial de- 
flection cannot be explained on the basis of myocardial infarction. 
Similarly in acute nephritis we have shown-'’- that there are no 
gross anatomical changes in the myocardium and the absence of the 
initial positive deflection must be explained on the basis of capillary 
damage. Nevertheless, we agree with Wilson that in the great ma- 
jority of instances the cause for disappearance of this deflection is 
myocardial infarction. 

Wliat has been said of an absent 'initial positive deflection applies 
also to a small one. The conditions associated ivitli absence of this 
wave may cause instead a marked diminution in its size. Indeed, a 
small deflection maj^ at times disappear and reappear in the same 
record. Therefore a small initial deflection probably has a significance 
similar to that of an absent one. 

SUMMARY 

1. The initial positive deflection in the precordial lead (Q-wave of 
old, R-wave of new technique) was absent in 2.7 per cent of 4,500 con- 
secutive hospital patients and was small (2 mm. or less) in 3.9 per cent. 
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2. In two-tliirds of the patients, absence of this deflection was as- 
sociated with recent or old coronary thrombosis and anterior wall in- 
farction, and in one-fifth, with coronary artery disease alone, Avith or 
Avithout hypertension. 

3. The initial positive deflection Avas also absent in 14 cases diag- 
nosed as acute and chronic glomenilonephx’itis, rheumatic and syph- 
ilitic A’-ah'ular disease, pneumothorax, Graves' disease, and acute myo- 
carditis. Thei-e Avas no evidence of myocardial infarction in these 
cases. 

4. In patients Avith an M or W-.shaped QRS complex preeordial leads 
obtained from other positions on the chest Avail usually demonstrated 
absence of the initial positiA’^e deflection. This holds frequently AAdien 
a lai’ge initial negative deflection px-ecedes a lai’ge positive deflection. 

5. Absence of this deflection Avas pex*maixeixt in the majoxuty of eases 
eveix Avhexx axx abnoxunal T4 and abixormal staixdax'd leads I’eturned to 
xxormal. 

6. Absence of the initial positive deflectioxx Avas accompanied by an 
abnormal T4 in 54 per cent of cases. 

7. Of the patieixts AAuth a small initial positive deflection 7.5 per cent 
had no clinical evidence of cai’diovascular disease. The remainder 
suffex’ed fi'om eoi’onary thrombosis (29 per ceixt), coi'onaiy arteiy dis- 
ease Avith or Avithout hypertensioix (37 per cent), ilieumatic A'alvular 
disease (17 per cent), miseellaixeous heart involvement (12 per cent). 
These included cases of iixtravexxtricular or bundle-branch block. 

8. Iix only one-fifth of these patients AA'^as thex’e an associated abnor- 
mal T-Avave in the precordial lead. A small initial positive deflection 
Avas signifieaixt Avhen folloAved by an intrinsic deflection of at least 
10 mm. 

9. In a lax’ge gi'oup of cases Aidtlx antei’ior Avail infarction, diagnosed 
electrocai’diographieally or at autopsy, the initial positiA'e deflection 
Avas absent iix moi’e than oixe-half, small in one-sixth, and normal in 
one-thix-d. In postex-ior Avail ixxfai’ctioix this deflectioxx Avas rarely ab- 
sent but Avas fx-equeixtly small. 

10. In 26 patients AAuth a small iixitial positiA'e deflection, myocardial 
infarction Avas found 15 times. Only one case shoAved normal Ixeax’t 
muscle. 

11. Compailson of the ox-dinai-y method of x-ecox’diixg the px’ecordial 
lead Avith the “zei-o potential" method of Wilson rcA'ealed no pi-aetieal 
adA'antage of the latter as far as diagixosis Avas coneerixed. 

CONCIjUSION 

The precordial lead has become inci'ea.singly important iix electrocar- 
diographic diagnosis, not only in coronarj' thrombosis but also in in- 
volvement of the Ixeart in other conditions. It is not infrequently ab- 
nonnal AA'lien the standax’d leads appear normal. The most significant 
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change in the precordial lead is absence of the initial positive deflec- 
tion which may occur even when the T-wave remains normal. An 
absent initial positive deflection is the most reliable sign of myocardial 
infarction and, with rare exceptions, localizes the infarct in the an- 
terior wall of the heart. Although it reappears in a small number of 
eases, it usually remains absent permanently^ and may be the only 
electrocardiographic sign of previous infarction. A small initial posi- 
tive deflection may have the same significance as an absent one ; how- 
ever, it is less specific than the latter and does not indicate the site of 
infarction. It is nearly always an abnormal finding. 

Hitherto the relation of the absence of the initial positive deflection 
to coronary thrombosis alone 1ms been considered important. How- 
ever, this study emphasizes the significance of an absent or small de- 
flection in various other diseases which lead to damage of the myo- 
cardium or to enlargement or change in position of the heart. There- 
fore, while an abnormal initial po.sitive deflection is, in most cases, 
indicative of mymeardial infarction, it should no longer be regarded 
as pathognomonic of this condition. 
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SOME EFFECTS OF ALTERATION OF POSTURE ON ARTERIAL 

BLOOD PRESSURE'^ 

H. Wald, j\I. Guernsey, M.D., and F. H. Scott, M.D. 

]\Lnneapolis, IMinn. 

' I ’HAT gravity has an influence on the distribution of blood in the 
* body has long been recognized and most of the fundamental points 
are brought out in the papers of Hill,^ and Hill and Barnard.- Refer- 
ences to the earlier literature (Priory. 1826, Hall. 1832. and others) are 
found in these papers of Hill. These earlier observers found, for ex- 
ample, that if a dog or man were bled in the vertical position until 
s.^mcope occurred, tlien recovery followed on placing the subject in a 
horizontal position. Hill, however, carried out a very comprehensive 
set of experiments on rabbits, cats, dogs, and monkeys which showed, 
among other things, that the force of gravity must be regarded as a 
cardinal factor in dealing witli the distributioii of the blood; that the 
important duty of compensating for tlie simple hydrostatic effects of 
gravity in changes of position must be ascribed to the splanchnic vaso- 
motor mechanisms; that the amount of compensation depends largely 
upon individual differences; that the compensation is far more com- 
plete in upright animals, such as the monkey, tlian in rabbits, cats, or 
dogs, and therefore is probably far more complete in man ; that in some 
normal monkeys overcompensation for the hydrostatic effect occurs; 
that in the normal monkeys and man, gravity exerts but little disturb- 
ing influence, ovung to the perfectio 2 i of the compensatory mechanism; 
that when the power of compensation is damaged by paralysis of the 
splanclmic vasoconstrictors, induced by se^’ere operative procedures or 
by injuries to the spinal cord, by asphyxia, or by some poison such as 
chloroform or curare, then tlie influence of gravity becomes of vital im- 
portance ; that the feet-down position is of far greater moment than the 
feet-Up position, because wlien the jDOwer of compensation is destroyed, 
the blood drains into the abdominal veins, the heart empties, and the 
cerebral circulation ceases ; that firmly bandaging the abdomen prevents 
the drop of pressure when tlie animal is turned feet down; that if the 
heart is affected, as by chloroform or curare poisoning, the restoration 
of pre.ssure is incomplete; that vagus inhibition and the cardiac accelera- 
tion are subsidiary compensatory mechanisms in the feet-up and the 
feet-down positions respectively; that chloroform rapidly paralyzes the 
compensatory vasomotor mechanism and damages the heart; that ether, 
on the other hand, only paralyzes the compensatory vasomotor mech- 
anism very slowly and when pushed in enormous amoimts; that chloro- 
form can, by destroying the compensation for gravity, IdU the animal if 

. , *Fi-om the departments of Anatomy and Ph.vsiologA-, University of XIinne.sota. 
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it be placed witli abdomen at a lower level than the heart but that 
elevation or compression of the abdomen immediately compensates for 
the vasomotor paralysis produced by chloroform. 

Since tlie taking of blood pressure on man became a common pro- 
cedure a number of studies on the effects of changing posture in man 
have been made which Avill be referred to later. In such experiments the 
blood pressure was taken in one position and then again after the 
change. There was usually about a minute or more between the read- 
ings. Now Hill’s tracings show the adjustments are very rapid and 
that much can occur in a minute. It seemed desirable, therefore, to ob- 
tain information about changes occurring in man in short intervals of 
time. In the arrangements we liave used we can get three or four read- 
ings of blood pressure in a minute and are therefore better able to fol- 
low the adjustments. 

THE MEASUREMENT OF BLOOD PRESSURE 

There are various factors to be considered in the measurement of 
blood pressure ; such as the experimental error of the observer, and the 
instriunental error of the sphygmomanometer. In aU of the work done 
liere the Tycos self-recording sphygmomanometer was used. TJic bag 
was attached to the upper arm and the arm not moved in its relation 
to the thorax during the course of the experiment. Tins machine was 
thoroughly te.sted and the results obtained indicated that the blood pres- 
sures measured upon it are entirely comparable, within the range of 
normal, to those taken by the moi*e common auscultatory methods. The 
advantages of this instrument are: some elimination of the personal 
error in the measurement of blood pressure since the recordings are 
mechanical, and the possibility of making rapidly repeated measure- 
ments of blood pressure — as many as three or four per minute — merely 
by moving the writing stylus on the same chart. The instrumental error 
in this tjTie of machine is relatively .small, averaging about 2 to 4 mm. 
Hg. The conditions of the experiment were kept as nearly tlic same for 
different subjects as possible. 

One point which is generally not considered in the taking of blood 
pressure is the effect of the painful stimulus resulting fi’om congestion 
in the arm. In order to reduce this to a minimum, the cuff should be 
inflated as rapidly as possible to a point 20 to 30 mm. Hg above the 
expected systolic blood pre.ssure, and the deflation started immediately 
upon the completion of inflation. This was accomplished by means of a 
.simple apparatus as follows: Compi-e.s.sed air is led into a large (8 liter) 
bottle provided with two outlets. One outlet is attached to an adjustable 
mercury valve so that the pressure may be kept at anj’- desired level in 
the bottle. A tube provided uttli a stopcock connects the other outlet 
of the bottle to the arm cuff. Tlie cuff is inflated practically instantane- 
ouslj' by turning the stopcock. By this quick inflation there is virtually 



WALD ET AL. ; EFFECT OF POSTURE ON ARTERIAL BLOOD PRESSURE 321 

no venous congestion and tlius less pain and impleasantness. As soon 
as the cuff is inflated the stopcock to the pressure bottle is closed 
and the deflation of the cuff started immediately. 

In our experience at least three trials were found to be necessary be- 
fore a subject became sufficiently accustomed to the experimental pro- 
cedure to show cardiovascular measurements at a basic level. There 
was always a certain amount of excitement present in the first trials 
which showed chiefly in the high pulse rate. 

Our mvn work on the change in posture may be divided into three 
parts. (1) The immediate effect, i.e., during the first minute; (2) the 
prolonged effect after the first minute; (3) experiments on animals try- 
ing to determine tlie mechanisms of adjustments. 

1. Immediate Effects 

When the 8ul)ject Stood Up . — These changes were studied by allowing 
the subject first to rest in the reclining position until the blood pressure 
became stable. This usuallj^ did not take longer than five minutes. The 
subject was tlien told to stand up vdth as little effort as possible, and a 
series of blood pressure records was taken rapidly. The accuracy of the 
recording sphygmomanometer depends on adjusting the apparatus to 
the heart rate. The heart rate always increases on standing. In the 
first trials the recumbent and standing rates were determined and the 
macliine set at the expected standing rate. Tlie first systolic record was 
obtained about ten seconds after the change in position had taken place, 
the second sj^stolie record at about twenty to thirty seconds after the 
change, and the third sj'-stolic record forty-five to sixty seconds after the 
change. The diastolic records appeared some five to ten seconds after 
the corresponding systolic records. This procedure was carried out on 
a good number of normal individuals, chiefly medical students, nurses, 
and instructors. 

The results obtained on persons with normal pressures may be seen 
graphically in Figs. 1 and 2. Fig. 1 shows the resulting reaction on 
systolic pressure of 14 individuals. In this chart the vertical lines in- 
dicate thirty-second intervals vdiile the horizontal lines represent 10 
mm. of mercury pressure. The values for the three readings after the 
changes are indicated and the points joined. "We have no proof that the 
blood pressure exaetlj’' followed these lines. 

With one exception the first systolic record after the change was lower 
than the reclining systolic pressure, the amount of the drop varying in 
different individuals from 5 to 40 mm, Hg. After the initial drop the 
curves are different as may be seen from the charts. Witliin thirty 
seconds the majority of the subjects had a sj'stolic pressure higher than 
the reclining. At sixty seconds this majority was somewhat lessened. 
The lowest point in the blood pressure occurs about ten seconds after 
the change. If in the same individual pressures are obtained at seven 
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or eiglii seconds or about twelve seconds afteJ’ tlie change, tlie drop is 
usually not as great as tliat obtaining at ten seconds. The diastolic pres- 
sure at the first reading showed a rise, as compared to the reclining 
diastolic ])ressure, in about 7b per cent of tlie individuals tested. The 
pressure fell in approximately 18 per cent and in 0 per cent it remained 
unchanged. These pei’centages did not change significantly after the 
first reading. In four individuals this procedure was repeated several 
times, in an effort to time the i-eadings so as to have more points on the 
curve. When the curve is filled in (Pig. 2, light lines) it does not differ 
significantly from that obtained by joining the three points. In this 
chart the diastolic pressures are also shoum. 

j\mong those tested was one of the “ends” of the football team. 
These tests were run in the midst of the football season and might there- 
fore be said to be on an individual in the best condition obtainable by 
training. His results showed the same reactions as those of an untrained 
individuah 



Fig-. 1. — Sy.stolic pre-s.sure.s on changing from recumbent to stanCing position. 
Fourteen adult males. Vertical lines represent thirty-second Intervals; transverse 
lines, 10 mm. Hg pressure. 


Among the .students tried was one with a high reclining pre.ssure (158 
systolic). Although we tried three times Ave could never get a lower 
sj’^stolic pressure Avhen he stood than the reclining value. We do not 
know if it is characteristic of people ivith high blood pressures to react 
in this manner. Hill mentions a monkey in ivhich the same phenomenon 
occurred. We are also not sure about tlie accuracy of the sphygmoma- 
nometer at this level. 

Thus we see that with a change in position from reclining to standing 
there is a shaip drop in systolic prc.ssui'e along A\ith a .slight rise in 
diastolic pre.ssiire. Very quickly in most cases the .systolic pi-essure re- 
covers a large percentage of this drop, and in many instances exceeds the 
original reclining sy.stolic value. For the majority of indiidduals this is 
complete within thirty seconds. At sixty seconds the height of systolic 
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Time irt seconcLs 

---o 5i}stollc, standinq up 
-■••o ’> , tilted. 

— • Diastolic, standinq up 
. . — « " , tilted. 

X Median. 

Pig:. 2. — Svstolic and diastolic pressures on changing from recumbent to standing 
(light lines)' arid tilting positions (heav>' lines) repeated on 2 males and 2 fe- 
males. 

pressure is somewliat lessened. The sequence of events seems to be as 
follows : the change in position by a simple physical process due to the 
shifting of the blood into the abdominal cavity causes a sharp drop in 
systoHe pressui’e. Very soon after this has happened the process of com- 
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pensation begins; reflexly, as will be shown later. This compensation, 
on the average, reaches its maximum effect ^vithin tliirty seconds after 
the change in position, and at this point the indications are that a slight 
overcompensation exists, and that the normal level for standing is 
reached approximately after one minute, 

IF/ien the Subjects Were Tilted . — ^Measurements were made in the 
same way upon the same group of subjects when they were tilted from 
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Fig. 3 . — Systolic and diastolic pressure changes on tilting from recumhent to 
vertical position. Upper flgure.s represent 8 different females and 8 different males. 
I.ower figures repre.sent repeated tilts on same subjects. Vertical line.s represent 
fifteen-second inteivals. 

the horizontal to the vertical instead of standing. The subjects were so 
adjusted on the tilting board that the arm hag remained at the level of 
tlie heart. The rc-sults may be seen in Fig. 2 (heavy lines) and in Pig. 
3. Pig. 2 represents the results of standing and tilting repeated on the 
same individuals a number of times, while Fig. 3 shows the re.sult of 
tilting on 8 men and 8 women, and the results of tilting two individuals 
(a male and female) a number of times. In both charts sj'.stolic and 
diastolic pressures are shown. It vvdll be noted that the systolic drop of 
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pressure is greater on tilting than on standing and that the amount of 
compensation wMeh followed the initial drop is less. In no case was 
the systolic pressure at the end of thirty seconds higher than the re- 
clining pressure, as was the ease in standing. At the end of sixty seconds 
the systolic pressure was much less than the reclining level and the 
diastolic pressure was in most cases less than the reclining, wliile it was 
higher when the person stood up. The onh* explanation for the differ- 
ences in the reaction to the change of position is that the differences were 
due to the muscular effort involved in standing up. When a person 
stands from the reclining position there occur strong contractions of 
abdominal muscles. This would increase intra-abdominal pressure, im- 
prove the venous return to the heart, and aid in tlie compensatory return 
of the blood pressure level. This factor is not present in tilting and 
probably accounts for the greater part of the difference in the response 
of these two methods of changing the position of the body from the 
horizontal to vertical. 

The Effect of the Change in Position From Vertical to Horizontal hy 
Tilting . — In order to determine the effect of a change in position from 
vertical to horizontal the subject was started in the horizontal position 
as in the previous experiments. He was then tilted into the vertical 
position and allowed to remain there until the blood pressure was stable 
over a three-minute period (no changes greater than three mm. Hg from 
minute to minute). After this point had been reached the subject was 
tilted back into the horizontal position and a series of blood pressure 
measurements were taken, tliree within the first sixty seconds, more or 
less, then one every minute until five mmutes had elapsed. Usuallj* by 
this time the values rather closely approximated the previous reclining 
record. This procedure was carried out on two subjects, seven times on 
one and four times on the other. The reaction of the two subjects, as 
may be seen from Fig. 4, differed somewhat. In one subject there was 
a very sharp rise of systolic pressure with the reverse tilt, to a level con- 
siderably higher than the original reclining level. Tlie systolic pressure 
then gradually fell until finally after a few minutes it was approxi- 
mately equal to the former reclining level. In this subject the diastolic 
pressure rose slightly and then fell to the former reclining level. As a 
result there was a rapid rise in pulse pressure to a level higher than 
the former reclining one, with a gradual decrease after this until the 
former reclining level was reached. On the other hand, the second sub- 
ject, when tilted from the vertical to the horizontal position, showed a 
veiy sluggish rise in systolic pressure, and the reclining level was 
reached only after a minute had passed. At no time did the systolic 
pressure greatly exceed the former reclining level. However, with the 
shift in position there occurred a considerable drop in diastolic pressure, 
which after a period of time showed a tendency to recover toward the 
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former reclining level. This return was not completed within five 
minutes. However, the pulse pre.ssure curve in this case was somewhat 
similar to that in the first ease. Therefore, one might say that although 
the mechanism in these eases differed, the results upon the circulation, 



in terms of pulse prc-ssure, were about the same. The curves bring out 
the point noted before, namely', that no two .subjects react exactly alike. 

2. The Coiirse of the Blood Pressure 
After the First Minute in Stibjecfs Who Stood Tip. — ^In a .study of the 
effect of controlled exercise upon physical efficiency over .300 male, fresh- 
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man, students were given a modification of the Turner test.^ The 
Turner test, which is a cardiovascular test of phj’sical efficiencj^, is based 
upon the reactions of the blood pressure and pulse rate to the change 
in position from reclining to standing, and the effect of prolonged 
quiet standing upon blood iiressure and pulse rate. In the modifica- 
tion of the test used here the blood pressure was measured first in the 
reclining position after the subject had been reclining for at least five 
minutes. Then the subject arose vdth as little effort as possible and a 
series of blood pressure records were made, one each minute for the 
first three minutes, then one every other minute until fifteen minutes 
had elapsed. Many of the subjects exliibited signs of excitement dur- 
ing the first trial. This shows up most in the heart rate. Although 
the blood pressure had ceased to fall after five minutes of reclining, the 
pulse rate on the first trial averaged 75 for all the subjects, 69 on the 
second trial, and 63 on the third trial. On trjdng a number of stu- 
dents a fourth and fifth time there was practically no change from the 
tliird trial. After one minute of standing the rates were 91, 88, and 
84 for the tliree trials. The data presented on the iiressure changes are 
from the third trial. One minute after the change in posture 31.6 per 
cent of tliis group of over 300 who took the test had a systolic blood 
pressure higher than the reclining level, 58.7 per cent had a systolic 
pressure lower than the reclining, and 9.7 per cent remained the same. 
In the case of the diastolic pressure 82.7 per cent were higher tlian the 
reclining level, 9.7 per cent were lower, and 7.6 per cent remained un- 
changed. In both sj'stolic and diastolic pressures these percentages did 
not change significantly within the first tliree minutes, and the average 
level of blood pressure also did not change significantly within the 
first three minutes. Furthermore, the average blood pressure remained 
practically constant for the remainder of the fifteen-minute period. 
The greatest variation from average to average was less than % mm. 
Hg. These records indicate further that the compensatory changes of 
blood pressure to the change in posture from reclining to standing are 
completed within the first minute. Of course, in some individuals this 
may not be the case, but it certainly is for any large normal group as 
well as most normal individuals. The percentage of individuals having 
a higher systolic pressure on standing (31.6 per cent) is less than that 
found by most others. Schneider and Truesdell,^ on 2,000 cases of stu- 
dents, found 55.5 per cent had a higher standing sy.stolic pressure than 
recumbent and only 26.5 per cent a lower. lYe believe this is because 
there was probably less excitement connected with our tests and we may 
have had a better selected group. The figure given by Schneider and 
Truesdell (55.5 per cent higher systolic pressure) corresponds more to 
our unselected group described in the first part of this paper. 

Prolonged quiet standing may be a severe strain on the circulatory 
system of many normal individuals since it is not extremely rare to find 
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seemingly normal indi%d(iuals faint before fifteen minutes is over. 
Turner also observed this with some of her subjects. In the course of 
this experiment each subject was tested three times. Since there were 
approximately 300 subjects a total of 900 tests were made. During 
the course of these 900 tests, althougli we had a selected group, some 
40 faintings were obseiwed, about one in each 22 tests. However, 25 of 
these faintings occurred in the first trial, 10 in the second, and only 5 
in the third. One subject fainted in all three trials, a few fainted in 
two trials but most fainted only once in the three trials. Fainting as 
a reaction to prolonged quiet standing in this test might be classified as 
a result of two primarj’’ causes. First, in the great majority of the 
subjects who faint in the first trial and then reacted normally in the 



Time iiv minu-Ua 

Tig. 5. — Systolic and diastolic pre.ssure changes during quiet standing preceding 

fainting. 

subsequent trials, the fainting undoubtedly had a psychogenic basis. 
In other words, the nervousness or apprehension of the subject who was 
unfamiliar Avith this tjqie of examination affected directly or indirectly 
the cardiovascular reactions in such a manner as to produce a .sudden 
drop in blood pressure. This resulted in fainting. When these sub- 
jects became familiar with the te.st, and the fear was lost, they reacted 
normally. The second primaiy cause of tlie fainting was an inadequate 
cardiovascular regulating mechanism. In these .subjects the faints oc- 
curred more than once, or in the trials in AS'hieh they did not faint thej' 
.sliowed great instability in their reaction to change in po.sture and quiet 
standing. In these cases the fainting was imdoubtedly due to the in- 
abilitj' of the cardiovascular sj'stem to remain compensated during a 
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period of prolonged quiet standing. In most of the subjects who fainted 
the sj'stolic pressure kept dropping for a nxmiber of minutes before the 
faint but in a few* subjects the drop was very rapid as may be seen 
from the chart. 



3. JSxperimenis on Animals 

It seemed probable that reflexes are responsible for the readjustment 
m the pressure on standing and to test tliis matter experiments were 
made on dogs using Hilks technique.^ Most dogs when they are tilted 
from the horizontal' to feet-dovTi position show the drop of pressure 
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wilh little or no tencleiicy for the pressure to rise no matter how long 
the animal is kept in the vertical ])osition, as can be seen in Fig. 6. 
Occasionallj’ one finds a slight compensatoiy rise but we have never 
seen anything comparable to that found in man. 

"VVe tried animals under morphine-ether, sodium amytal, and after 
decerebration. However, that, even in the dog, reflexes are tending to 
keep up the pressure can be seen from the effects of denervating the 
carotid sinuses and section of the vagi. It will be noticed that the drops 
of pressure are greater and steeper than before and any slight tendency 
toward compensation is lost. Edholm and kIcDowalP state that de- 
nervation of the carotid sinuses makes no difference in the gravity ef- 
fect. In our work on some 25 dogs the above mentioned differences 
have always been noted. 


SUMMARY 

On changing from the recumbent to standing position the .systolic 
pressure is from 5 to 40 mm. Hg below the recumbent level about ten 
seconds after the change. There is a rapid recovery after this initial 
drop and after about thirty seconds many have regained or passed the 
recumbent level. In some few eases the recovery is slower. Diastolic 
pressure usually rises slightly on standing. The same type of reaction 
is seen when the subjects are tilted into the vertical posture but the 
drop is greater and the recovery less. Prolonged quiet standing is a 
severe strain on the circulation as shown by the frequency of fainting. 
Reflexes from the carotid sinuses and arch of aoida are re.sponsible (in 
part at lea.st) for the reactions leading to the recovery of the pre.ssure. 
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AN ANALYSIS OF THE DIAGNOSTIC CRITERIA OF 

ANGINA PECTORIS 

A Critical Study of 100 Fronted Cases*" 

Joseph E. F. Risemak, M.D., and Morton G. Beo-\vn, M.D. 

Boston, ]\'Iass. 

H EBERDEN’S classic description of angina pectoris^ portrays the 
clinical characteristics so vividly that tj’pical instances can he 
recognized -without difficulty. Experience discloses, however, many 
variations of the clinical picture; furthermore, sjnnptoms closely simu- 
lating angina occur in patients without heart disease. As a result, it is 
frequently difficult or even impossible to be certain of the diagnosis. 

It is generally agreed that observation of the patient during an at- 
tack is a valuable aid in diagnosis. The majority of descriptions, in- 
cluding that of Heberden, are based not on actual observation, but on 
information obtained from patients suffering from the condition. The 
purpose of the present communication is to compare the patients’ de- 
scriptions with obseiwations made during actual attacks of angina 
pectoris in order to establish the criteria for diagnosis and to determine 
the frequency of atj^pical forms of the syndrome. 


METHOD OP STUDY 


During the past four years approximately two hundi’ed patients sus- 
pected of ha^dng angina pectoris were referred for diagnosis and study 
from the out-patient department, the medical wards, and the private 
practice of local physicians. A detailed clinical history was obtained 
by at least two independent observers and a thorough physical exam- 
ination vdth special reference to the heart was performed. A deter- 
mination of the blood hemoglobin and blood Wassermann reaction was 
made in each in.stance, and further blood studies were performed when 
indicated. Electrocardiographic studies and measurements of the heart 
size from seven-foot roentgenograms were made in most instances. The 
basal metabolic rate* and the seram cholesteroP were measured in 
many of the patients. 


The reaction of the patient to exercise was observed in every instance 
irrespective of the findings in the clinical history concerning the pre- 
cipitation of attacks in daily life by exertion. Other means of induc- 
ing angina (adrenalin^ or anoxemia^) were tried in several instances 
but were unsatisfactory. Tlie exercise, carried out according to the 


•From the Medical Research Department of tiie Beth Israel Hospital and the 
Department of Medicine, Han’ard Medical School, Boston. 

This inve.stigation was aided by a grrant from the DeLamar Mobile Research Fund. 
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method previously descriljed/’ consisted of repeatedly mounting and 
descending a two-step staircase in a room maintained between 45 and 
55° F.' The exercise continued until the patient either developed a 
tjT)ical attack of angina pectoris or became fatigued without experienc- 
ing other discomfort. 

If the patient developed angina pectoris, various observations were 
made during the attack. The actual duration of the pain was meas- 
ured by stop watch. The areas to which di.stress was referred were 
determined by pointing in rapid succession to various parts of the 
chest, back, arms, etc., and asking whether pain was felt at that moment 
in that region. The patient was requested to describe the character of 
the discomfort. Both during and after the attack an attempt was made 
to learn in what respects tlie induced attack resembled or differed from 
those experienced in daily life. The accuracy of the findings was tested 
by repeating all observations in almost everj- patient. 

RESULTS 

The studies outlined above were made in 207 patients. The sjunp- 
toms of 54 patients were apparently due to disease of the lungs, cervical 
or thoracic spine, esophagus, diaphi-agm, .stomach, or gallbladder (Cases 
1 to 11). The remaining 153 patients had angina pectoris. In two of 
these the attacks were precipitated by episodes of paroxj^smal rapid 
heart action, one had thyrotoxicosis, one had marked secondary anemia, 
two had rheumatic heait disease, and two had syphilitic aoiditis. The 
remaining patients (145) had angina pectoris presumably due to coro- 
narj' artery disease. For simplicity of analysis, 100 consecutive pa- 
tients in whom we w'ere able to obtain all or most of the desired special 
.studies were selected from the latter group. Tliese 100 patients dif- 
fered in no way from the entii'c group of 145 except i'or completeness 
of data. 

Sex, Age, Race, and Associated Diseases 

There were 77 men and 23 women; the charaeteri.stics of the disease 
were identical in both sexes. 

The. duration of the disease up to the time of study varied from five 
weelcs to fifteen years. At the time of onset of the symptoms 65 per 
cent of the patients were between fifty and sixty-nine years of age. 
Five patients (3 men and 2 Avomen) Avere under forty years of age 
(Table I). 

Nine of the patients aa'CI’c non-JeAvi.sh. Race made no CA'ident dif- 
ference in tlie charaeteilstics of the disease. 

Thirty-.seven patients- had one or more attacks of coronary throm- 
bosis; seven .suffered from intei’mittent claudication of the legs; fiA'e 
had diabetes. 
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History 

Sym'ptomatology . — One of the most cliaracteristic features of the 
condition was the difficulty which patients experienced in describing 
the character of the discomfort. Questioning during an attack was fre- 
quently of distinct value. In all instances the sensation was described 
as disagreeable and uncomfortable, and in three-fourths of the patients 
as distinctly painful (Table II). The pain was obviously not as defi- 
nite as that experienced in other eouditions ; in only six indiwduals was 
it sharp. Pressure or squeezing or their equivalents (heawness, tight- 
ness) were frequent complaints, but patients agreed that these were 
inadequate descriptive terms. 


TABIiE I 

The Age of Patients at the Onset op Angina Pectoris 


AGE 

(years) 

PER CENT OF 

PATIENTS 

34-39 

5 

40-44 

12 

45-49 

18 

50-54 

29 

55-59 

20 

(iO-64 

13 

05-69 

3 


Table n 


The SYilPTOMATOLOGY OF ANGINA PeCTORIS 

SYMPTOir 

PER CENT OF PATIENTS 

Pain 

76 

Pressure (heaviness, weight) 

52 

Dyspnea 

48 

Squeezing (tightness) 

33 

Choking 

19 

Palpitation 

11 

Belching 

10 

Burning 

4 


Respiratory Symptoms: Approximately half of our patients found it 
“hard to breathe” during attaclvs. Exactly what was meant by tliis 
expression was not always clear; in some instances it was apparently 
hyp erpnea while in others it was a sensation of stifling. Patients who 
complained of shortness of breath usually showed an increased depth 
and rate of respiration during attacks induced by exertion, but similar 
respiratory symptoms were present when tlie attacks occurred at rest 
or were induced by excitement. Thirteen patients who denied shortness 
of breath showed definite and striking hyperpnea when observed during 
paroxysms. 

Palpitation occurred in eleven patients. The occurrence of this symp- 
tom frequently made it difficult to determine whether the discomfort 
was characteristic of angina or was simply consciousness of the heart- 
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beat. Clo.se questioning revealed that patients with angina pectoris 
experienced pain, pres.siire, or .squeezing in addition to palpitation. 
Observation sliowed that the pain disappeared before tlie consciousness 
of the heart action subsided. The palpitation in tliis group was not 
associated Avith any abnormal rhythm and frequently continued after 
the heart rate had returned to normal. 

Belching occurred in ten patients. In several instances termination 
of the attack and belching were almost simultaneous ; in others belching 
occurred only Avhile the patient Avas experiencing pain. Patients stated 
that, in association A\dth the pain or squeezing, they experienced the 
sensation of a lump or a heaviness under the sternum Avliich they felt 
AAmuld disappear on bringing up gas. It AA^as obvious from obsei'A'ation 
that the belching folloAA'ed the .sAA'alloAvdng of air. 

Fear of impending death Avas an infrequent and inconstant symptom. 
It Avas partieularlj”- experienced by hypersensitive, anxious patients, 
especially during the first fcAv AA^eeks or months after the onset or fol- 
loAAung an increase of symptoms. It frequently disappeared after a 
few attacks induced in the presence of a physician. 

The Onset of Attacks. — In eveiy instance the onset aa'rs sudden and 
required only a foAV seconds to reach its maximum intensity. Tlie at- 
taclis usually came Avitliout AA'arning, but occasional patients stated 
that unusual e.xertion or emotion might be attended by a jiremonition 
that an attack AA^as about to develop. 

The Effect of Cold. — Fifty per cent of eighty jiatients, Avho had ob- 
seiTed the effect of temperature, noted that attacks Averc induced more 
readily by AA'alking in the cold or against the AAond. Five per cent de- 
veloped pains more readily in AA'arm weather. The X’cmaining 45 per 
cent felt that temperature made little difference in the frequencj' of 
attacks. Direct observation has shoAATi that the temperature of the en- 
vironment is a A'ery important factor in the ease of inducing attacks.® 

The Effect of Food. — We haAm not yet encountered patients avIio de- 
velop angina solely as a result of ovei'cating. The usual slory is that 
after lieaA-y meals an attack is likely to be induced by less exertion than 
at other times (Table ITT). This has been demon.strated by actual 


Table III 

CO.VBITJOXS UXDEK AVlIICH ATTACKS OF AXGIXA AVekE PKECIITTATK]) 


COXDJTIOX 

I’Ei: CENT OF PATJE.VT.S 

Exertion 

100 

Emotion 

0.1 

After meals 

28 

At re.«t 

SO 

During sleep 

24 


obserA'ation.® One patient regularly develojicd tachycardia and angina 
folloAving coffee; this Avas probably a response to caffeine. 
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The ‘precipitation of the attack by exertion was an important diag- 
nostic point (Table III)... Two patients stated that attacks came only 
at rest and not on exertion ; ten stated that attacks were usually induced 
hy emotion hut at times, or in tlie past, were precipitated hy walking or 
climbing stairs. It was obvious from the clinical histories of these in- 
dividuals that they rarely undertook any great degree of exertion. 
Eegardless of the clinical liistory, all patients developed typical anginal 
attacks on exercise in the cold room except two individuals who had 
pain only in. association ^vith attacks of paroxj'smal rapid heart, action 
and one who had thyrotoxicosis. 

The Duration of Attacks. — It was obvious that patients were unable 
to estimate accurately the duration of tliese paroxysms of discomfort. 
Half of the patients stated that the pain lasted either a few minutes or 
from five to ten minutes.” It is important to note that only foiu’ pa- 
tients estimated that their attacks were usually fifteen minutes or longer 
in duration. Actual measurement of the duration of attacks indicated 
that they were practically always less tlian three minutes in duration.'^ 
Effect of Nitroglycerin in Terminating Attacks: Eighty-two patients 
had tried this therapy. Forty-eight per cent believed that placing the 
tablet imder the tongue shortened the attacks, 23 per cent were certain 
that it had been of no benefit ; the remaining 29 per cent could not be 
certain whether or not it had made an}' difference. Patients without 
angina, pectoris frequently reported relief from pain definitely non- 
cardiac in origin bj’ using nitroglycerin (Case 9). Actual observation 
often failed to substantiate the patient’s impression of the effect of 
nitroglycerin on the duration of attack.^ 

Localization and Radiation of the Discomfort. — There was consider- 
able difficulty in describmg the distribution of the discomfort unless 
patients were questioned while actually experiencing pain. So far as 


Table W 

Location and Eadiation of Discomfort During Anginal Attacks” 


LOCATION 

ONSET OF 
ATTACK 

FEE CENT OF 
PATIENTS 

SUBSEQUENT 

INVOLVEMENT 

PER CENT OF 
PATIENTS 

TOTAL 

PER CENT 

OF 

PATIENTS 

Substemal 

74 

9 

83 

Left cliest (anterior) 

21 

13 

34 

Apex of heart 

6 

2 


Axilla 

0 

o 

o 


Shoulder (anteriorly) 

0 

2 


Right chest 

11 

2 

13 

Left arm , 

S 

22 

30 

Eight arm 

1 

9 

10 

Thoracic spine 

16 

5 

21 

Epigastrium 

6 

2. 

S 

Throat 

2 

7 

9 

Xeek 

1 

S 

9 

Left side of head 

0 

1 

1 


*In many patients pain occurred in several difterent areas simultaneously. 
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the patients could determine, identical areas were usually involved 
during the induced attacks and in those experienced in daily life; any 
slight difference was evident hy comparison. Observation during at- 
tacks showed that all patients experienced discomfort in the anterior 
chest (Table IV). This roughly included an area between the anterior 
axiUaiy lines, the lower costal border including the epigastrium, and 
the level of the first interspace including the suprasternal notch. 

The Distribution of Pain at the Onset of the Attach. — ^In 89 per cent 
of the cases the discomfort began somewhere in the region outlined 
above. The substernal area (including about one inch to either side of 
the sternum) was by far the most common region to which the pain was 
referred; nevertheless, in one-fourth of the patients there was no sub- 
steraal discomfort. The left chest was involved twice as often as the 
right. In six patients the pain began over the apex of the heart; in 
each of these instances the pain later radiated elsewhere in the anterior 
chest or the left arm. In eleven indmduals the pain did not begin in 
the anterior chest; in three of these, the thoracic spine was the site of 
onset ; in three, the epigastrium ; in three, the left arm ; in one, the right 
arm and in one the left lower jaw. 

Pain in the shoulder proved to be either the anterior axiUaiy fold or 
the region over the head of the humerus. Many patients experienced 
pain in the middle or upper thoracic spine, but this was rarely a promi- 
nent complaint and was elicited onlj'" by careful questioning during an 
attack. Only one patient had pain in the region of the scapula (left). 
With the exception of this patient and those who had pain in the spine, 
the posterior and lateral aspects of the thorax were free of discomfort. 

Radiation of the Discomfort. — The description of the radiation of the 
discomfort often helped to clarify the diagnosis. The left arm and the 
left chest were the regions to which the pain radiated most frequently. 
It was often difficult for the patient to remember whether the inner or 
the outer aspect of the arm was affected but observation revealed that 
in every instance the inner aspect of the arm, i.e., the region of the 
biceps, the antecubital fo.ssa, and the ulnar surface of the forearm, was 
involved. Two patients had pain along both the inner and outer sur- 
faces of the arm. 

In 56 per cent of the patients thei-e Avas no radiation of the pain. 

The Frequency of Attacks. — The majority of patients had one or more 
attacks each day, approximately 10 per cent had one attack or less each 
Aveek (Table V). The frequencj' of attacks AA-as of no A'alue in diagnosis. 

Physical Examination. — Physical examination AA'as of little A'alue in 
establishing the diagnosis of angina pectoris. The physical build of the 
patient Avas of .some interest : sixty-one were stocky ; thirteen aattc obe.se ; 
the remaining tAvent3'-six AA-ere definitely' thin. 
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Diu’ing attacks patients frequently developed an anxious expression 
and at times held both hands to the chest or clenclied their fists as if to 
show that the sensation was one of squeezing or crushing. In some in- 
stances this aided in diagnosis. After the first or second induced attack, 
however, such patients iisuaUj^ lost their anxious expression and ap- 
parently -were not uncomfortable. 

The Electrocardiogram, Blood Pressure, and Heart Size . — It is evident 
that tj'pical angina pectoris frequently occurs in patients vdtli no ab- 
normalities in heart size, blood pressure or electrocardiographic tracings 
(Table yi). One-half of the patients showed an entirely normal elec- 
trocardiograpliic tracing, the other half showed changes consistent vdth 

TABIiE V 


Frequexcy op Attacks in 81 Patients 


PER 

CENT or patients 

About one a month 

7 

About one a week 

5 

2 to 6 a week 

31 

1 to 2 a day 

28 

2 to 0 a day 

24 

5 or more dailj' 

5 

Table VI 


The Elegtrocardiograsi, Blood Pressure, and HeiVrt Size in Angina Pectoris 

PER 

CENT OF PATIENTS 

Electrocardiograpliie evidence of 


coronary artery disease* 

50 

Hypertension 

44 

Cardiac enlargement (x-ray) t 

25 

Normal blood pressure, electro- 


cardiogram, and heart sizet 

26 


•Studies made on 87 patients. 
tStudies made on 74 patients. 
JStudies made on 7.0 patients. 


coronary artery disease (slurring, spreading, or notching of the QES 
complexes, elevation or depression of the S-T segment, inversion of or 
Tj, upright or absent Q 4 ). One patient had auricular fibrillation 
ynthout decompensation. It must be remembered that similar electro- 
cardiographic changes are seen in patients witliout angina pectoris.^- 
The blood pressure was measured in the right arm witli the patient in 
the sitting position and was determined only once or tvdce on any given 
day. A more careful study with repeated measurements would un- 
doubtedly :)deld a higher percentage of low blood pressure values. H 5 '- 
pertension (greater than 159 mm. Hg systolic or 99 mm. Hg diastolic) 
was found in slightly less than one-half the patients. Systolic pressures 
greater than 200 were rare. There wms little demonstrable difference 
between the blood pressure readings of men and women. Ihvo women 
with angina pectoris, each thirty-eight years of age, had blood pressures 
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of 112/58 and 112/80 ; in neither patient was there any evidence of pre- 
existing hypertension or eoronai^’’ tlirombosis. 

Only one-fourth of tlie patients showed cardiac enlargement by x-ray 
examination. 

Twenty-six per cent of all patients showed no abnormality iii the elec- 
trocardiogram, blood pressure, or heart size by x-ray examination. 

The Basal Metaholic Rate and Serum Cholesterol Values. — ^It has been 
suggested that low basal metabolic rates are relatively common in pa- 
tients -with angina pectoris,’" but few figures are available. The basal 
metabolism of 40 per cent of our patients was between -11 and -25 jier 
cent (Table VII). In no imstanee Avas there any clinical cAudence of 
myxedema. 

Table VII 

The Basal Metabolic Bate in* Angina Pectobis (74 Patients) 


basal metabolic 

PER CENT OP 

KATE 

PATIENTS 

+11 

4 

± 0 to +10 

24 

± 0 to -10 

32 

-11 to -15 

18 

-10 to -25 

22 


Table VIII 

Sekum Cholestekol Values in Angina Pectokis (08 Patients) 

SERUJt CHOLESTEROL 

PER CENT OF 

MG. PER 100 C.C. 

PATIENTS 

150-199 

10 

200-249 

31 

250-299 

43 

300-349 

10 

350-399 

4 

400-413 

2 


Approximately 60 per cent had an increased cholesterol content of 
the blood (Table nil). In general, a Ioav basal metabolic rate AA’^as ac- 
companied by an elevation of the serum cholesterol, but high cholesterol 
values AA-ere also found in individuals AAUth normal metabolic rates. 

Angina Pectoris Associated With Other Forms of Heart Disease, 
Anemia, or Thyrotoxicosis. — The character, the location, and the radia- 
tion of the discomfort Avere the same in all eases of angina pectoris re- 
gardless of Avhether the underlying pathology aaus coronary aiterio- 
sclerosis or some other condition AA'hich might induce myocardial anox- 
emia. In patients AAUth other forms of heaif disease, hoAveA-er, attacks 
Avere frequently more scA^ere, longer in duration, and more likely to come 
on at rest or during sleep than in uncomplicated Heberden’s angina. 

"We AA-ere unable to induce attacks by exercise in tAvo patients whose 
attacks occurred only during episodes of paroxy.smal rapid heart action 
(auricular fibrillation or auricular tachycardia). These patients stated 
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that the palpitation usually came while at rest and the pain began 
shortly after the onset of the rapid heart action and disappeared shortly 
after the cessation of the arrh^dhmia. 

• AttaclvS indistinguishable from uncomplicated Heberden ’s angina 
were induced in two patients with rheumatic and two with syphilitic 
aortic disease. Pour other patients with aortic disease Avere not included 
in the present series of 207, for it Avas considered inadvisable to haA'e 
them exercise. The clinical histories of two Avitli aortic stenosis (one of 
rheumatic, the other apparently of arteriosclerotic origin) differed in 
no way from the 100 analyzed aboA^e. The other tAvo had aortic regurgi- 
tation of rheumatic origin. Attacks of angina Avere ushered in by an 
increase in heart rate and systolic blood pressure AA^hile at rest, on motion 
in bed, or during meals. The characteristics of these attacks AAure 
similar to those seeondaiy to parox 5 ’'sms of abnormal rhytlim. 

One patient Avith anemia differed in no Avay from the hundred cases 
analyzed aboAU. Correction of the anemia resulted in an increase in the 
amount of Avork AA^hieh could be done before developing angina but did 
not entirely preA’-ent attacks. One patient Avith thju'otoxicosis has been 
reported previously.® We Avere unable to induce attaclcs of angina in 
this patient by exertion; thyroidectomy has resulted in improvement 
but not ‘‘cure” of the angina. 

COMMENT 

The ma jority of patients Avith Heberden ’s angina are persons of stocly 
or “Auscular” build; men are more commonly affected than Avomen; the 
ages forty-five to sixty-five years are most frequent and from one- to 
tAvo-thirds of patients shoAv abnormalities in the electrocardiogram, blood 
pressure, heart size, basal metabolic rate or serum cholesterol level. The 
clinical histoiy may reveal that the attacks are associated Avith a fear 
of impending death or that the pain can be termmated by nitroglycerin. 
In individual instances, liOAA'-eA^er, these findings are of no specific diag- 
nostic Aulue. 

The first and most important step in diagnosis is to obtain an ade- 
quate description of the symptomatology. In our experience all patients 
Avith angina pectoris shoAved five diagnostic characteristics in common : 

1. Onset sudden, in “attacks.” 

2. Duration sliort, usually more tlian a fcAv seconds but less tlian 

“fifteen minutes.” 

3. Symptoms difficult to describe; pain, pressure, squeezing, clioking, 

or their equivalents. 

4. Region involved, tlie anterior chest (including tlie epigastrium) and 

the inner aspect of the arms (especially the left). Radiation 

of the discomfort is important, if it occurs. 

5. Attacks precipitated hy exertion, especially climbing stairs or walk- 

ing in the cold. 
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Patients wlio lacked one or more of these five features proved to have 
either noncardiac disease as the cause of their symptoms or angina pec- 
toris plus some complicating disease. 

The history as volunteered by the patient must be analyzed and 
evaluated to determine its reliability, accuracy, and completeness. Ad- 
ditional questioning is frequently neeessaiy to obtain adequate informa- 
tion concerning the five diagnostic points. Certain variations are fre- 
quently met and deserve comment ; in most instances the disagreement 
is apparent rather than actual. 

Onset and Duration . — An occasional patient has prolonged attacks or 
constant pain. Such individuals, however, may recognize episodes of 
sudden exacerbation of symptoms Avhieh have all the characteristics of 
anginal attacks. The constant pain in such instances is frequently a 
comparatively mild soreness or hyperesthesia of the skin or bone which 
persists for hours or daj's after the acute parox5^sm has subsided. 

An occasional attack of long duration does not nile out angina pec- 
toris; in fact many patients pass through a period of comparatively 
prolonged and more severe attacks." The significance of these is not 
clear. In some instances careful study may prove the episode to be due 
to coronary thrombosis ; in other instances fever, leucoeytosis, and elec- 
trocardiographic changes may be absent, but an elevation in sedimenta- 
tion rate may occur, suggesting myocardial damage.® Patients whose 
attacks always last longer than one-half hour usually prove to have no 
cardiac disease as the cause of the prolonged attacks (Cases 6 and 10). 

The characterization of the discomfort Avill vary -with the experience 
and vocabularj" of the patient. An owner of real estate described “the 
Empire State Building pressing” on his chest; a retired cowboy felt “a 
lariat about the throat.” The one characteristic in common is a vague 
xmrest or distress difficult to de.seribe. 

The region affected is best determined by having the patient point 
spceificalty to the area where he experiences pain diuang attacks. This 
may be difficult and observation during attacks may reveal an entirely 
different area of involvement. Discomfort experienced in the posterior 
or lateral aspects of the tlioi'ax (except the region of the dorsal spine), 
the outer aspects of the arms or the shoulders, or the abdomen .should 
make one suspicious and search for a noncardiac explanation of all or 
part of the picture (Cases 8 to 11). 

Precipitation of Attacks hij Exertion . — The occurrence of attacks dur- 
ing rest or sleep and the effect of emotion is well known. In an oe- 
ca.sional patient these a.spects may be so prominent that the precipitation 
bj exertion may be overlooked. Patients whose attacks never come on 
exeition are rare and are usually those who take but little exercise. 
Such patients may have had attacks on effort in the past; in many in- 
stances this association of pain and exertion has been the cause of the 
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limitation of activity. It is frequently helpful to ask such patients 
what would happen if they were to run up stairs. 

The apparent variation in the amount of work which patients can 
perform from day to day before developing pain argues against exer- 
tion' as. an important factor. These variations, however, are due to 
elianges in the . temperature of the enwronment; the emotional state of 
the individual; the amount of food recently eaten; physiological changes 
occurring after attacks which make successive paroxysms either more or 
less easUy precipitated ; and, at times, to actual variations in the course 
of the disease. When patients exercise under standardized conditions, 
the amount of work which can be done before inducing an attack is 
extraordinarily constant.® 

The terms '^angina of eft’ort,” '‘'angina of rest,” and “angina of emo- 
tion” are probably misnomers. So far as can be determined, these are 
simplj’ different conditions under which the same symptom-complexes 
may be precipitated. It is more logical and satisfactoiy to speak of 
“angina on exertion,” “angina mi emotion,” and “angina during rest 
or during sleep.” 

Angina pectoris secondary to vahuilar heart disease, aortitis, par- 
oxysmal arrhytlimias, anemia, or thyrotoxicosis was quite similar to 
that due to coronaiy artery disease, Init the attacks were likely to be 
more prolonged and frequently occurred without obvious precipitating 
cause. The frequency of patients vuth such complicating features varies 
in different parts of the world. It is apparent, however, that they con- 
stitute a comparatively small proportion of the large group of patients 
who suffer from angina pectoris and that the.y rarely offer any great 
problem in diagnosis. 

Difficulties in diagnosis are usually due to one of four reasons : first, 
the sjTiiptoms may suggest a noncardiac disorder. This is especially true 
if the discomfort begins in an unusual area, sucli as the epigastrium, 
arms, or jaw, or if other sjanptoms, such as belching, apparent relief by 
soda, or attaelcs following meals are a iDromineiit part of the picture 
(Cases 1 to 4). Second, noiicardiac disease may suggest angina. It 
must be remembered that precordial distress may be caused by patho- 
logical processes in the eerwcal or thoracic spine, lungs, diaphragm, 
esophagus, stomach or gallbladder (Cases 5 to 9). Third, the patient 
may have angina, pectoris in addition to noncardiac disease. Undei such 
conditions the anginal distress may be hopelessly intervoven with othei 
complaints, making it impossible for even the most expeiienced examinei 
to be certain in his appraisal of the situation (Cases 10 and 11). Fourth, 
in many instances language difficulty, emotional instabilitj , inadequate 
observation, or the vagueness of sjnnptoms makes it impossible for the 
patient to present a clear picture of his sensations. 

The standardized exercise tolerance test enables one to obtain specific 
information concerning four of the five important diagnostic points: the 
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ability to induce paroxysms bj’’ exertion, the speed of onset of attacks, 
the duration of symptoms, and the location of the discomfort. Addi- 
tional information concerning the character of the discomfort can also 
be obtained at times by questioning the patient during an attack. In 
our experience, observation of the response to exertion has resulted in 
a change in diagnosis and treatment in many instances while in others 
important information not available from the clinical history was ob- 
tained. 

The test is not infallible, but its accuracy is apparently great. Out of 
207 patients tested, we have had reason to doubt the result in but six. 
Two patients who failed to develop discomfort on exertion suffered 
coronary thrombosis several months after being tested. The clinical 
histories did not warrant a definite diagnosis of angina pectoris in these 
individuals, but it is po.ssible that they did have angina and were tested 
during a remission. One patient avIio developed pain on exertion died of 
carcinoma of the esophagus ; no autop.sy was performed, but it was felt 
that this patient had coronary arteriosclerosis. The two patients with 
angina secondarj' to paroxysmal rapid heart action and the one with 
thjHOtoxicosis have been commented on. 

It is neither necessary nor advisable to resort to an exercise or work 
tost in every instance. Man}’- iiatients are capable of describing their 
symptoms in a manner which leaves little to be desired, while adroit 
questioning of others will yield sufficient information concerning the 
important diagnostic criteria. "We must never lose sight of the fact 
that angina pectoris is a serious condition, and coronaiy thrombosis or 
sudden death may come without warning. Wliile it would appear that 
little danger is involved in a. patient’s undertaking, in the presence of a 
physician, exertion similar to that Avhich he perfonns frequently in 
daily life, nevertheless, one .should refrain from exercising patients 
wliose sj’mptoms are unusually .severe, or those who experience “weak- 
ness” on exertion. 

It is to be expeeled that errors will occur when the diagnosis rests 
solely on the patient’s ability to dcsertbe his sjunptoms. The frequency 
of error decreases, however, as the examiner becomes more experienced 
and as attention is paid not only to the story as volunteered by the pa- 
tient but also to the important diagnostic criteria above enumerated. 
There will remain, undoubtedly, a group of patients in whom it is im- 
possible to be certain of the diagnosis from the history alone; the diag- 
nosis in such patients can irsually be made by observation during at- 
tacks, if necc-ssary, precipitated by exertion. 

SU.AIMARY AXD CONCLUSIOX.S 

1. Appi oximatel} two hundred patients suspected of suffering from 
angina pectoris have been studied in order to establish the criteria for 
diagnosis and to determine the frequency of atypical forms of the syn- 
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(iloiiiG, TliG studiGS incliidG a careful Gvaliiation of tliG clinical history, 
plij'Sical examination, electrocardiographic tracings, teleroentgenogranis 
of the heart, the basal metabolic rate, the blood serum cholesterol, and 
the iiatient’s reaction to exercise under standardized conditions. 

2. Fb'e characteristics were of importance in tlie diagnosis of angina 
pectoris : the attacks were sudden in onset, shoi’t in duration, involved 
the anterior chest (including the epigastrium) and inner aspect of the 
arms, were induced by exertion in the cold, and consisted of a vague 
sensation of unrest or distress difficult to describe. Patients who lacked 
one or more of these features proved to have either no cardiac disorder 
as the cause of tlieir symptoms or to have angina pectoris plus some com- 
plicating disease. 

3. There were other characteristics which were encountered frequently 
but which were of no specific diagnostic value in any individual in- 
stance. These included abnormalities in the electrocardiogram, blood 
pressure, -heart size, basal metabolic rate, serum cholesterol level, and 
the relief by uitrogi.yeeriu. Twenty-six per cent of all iiatients with 
angina showed no abnormalities in tlie electrocardiogram, blood pres- 
sure, or heart size by x-ray examination. 

4. Angina pectoris due to valvular heart disease, paroxysmal rapid 
heart action, anemia, or thyrotoxicosis was quite similar to that second- 
ary to coronary artery disease, but the attacks were likely to be pro- 
longed and frequently occurred ivitliont obvious precipitating cause. 

5. DifSeuities in diagnosis were usually due to noncardiac disease 
simulating angina pectoris, angina pectoris simulating noncardiac dis- 
ease, angina pectoris and noncardiac disease occurring together in the 
same individual, or inability of the patient to present a clear picture of 
his sensations. 

6. Observation of the patient’s reaction to exercise was frequently of 
distinct value in establishing the diagnosis or obtaining a more exact 
picture of the symptoms than Avas possible from the clinical history 
alone. 

references 


1. Hebei'denj W. : Goinmentarie.s, Med. Trans. Coll. Pliysicians, London. 2. 59, 

2. Aubl^i’ E., and Du Bois, E. F.: Clinical Calorimetry, Ardi. Int. Med. 19: 82.1, 

1917. 

3. Ling, S. M.: The Determination of Cholesterol in Small Amounts of Blood, .T. 

Biol. Chem. 76: 361, 1928. m t- -r • i • 

4. Lerdne, S. A., Ernstene, A. C., and Jacobson, B. M : The Lse of Epinepl.nne 

as a Diagnostic Test for Angina Pcctorm, Arch. Int ilcd. 45. 1. 1, 19. . 

5. Eotlmeliild, M. A., and Kissin, M.: Production of the .Vngmal bnidromc by 

Tndnced Ceneral Anoxemia, Am. Heart J. 8: (Zy, iJorf. 

6. Riseman, J E. E., and Stern, B.: A Standardued Exercise Tolerance Toy 

for Patients With Angina Pectoris on Exertion, Am. J. M. Sc. 188. 040, 1.9...4. 
7 RNennn* TEE and Brown, M. G.: Duration of Attacks of Angina Pectoris 
ami the Effect' of Nitroglycerine and Amyl Nitrite. New England J. Med. 

8. EiaSar? E. F., na.l EroM, M. G.: 

Pectoris and Coronary Thrombosis, Am. J. M. ..0. In pre... 



344 THE AHEniCAH HEART JOUKHAL. 

9. Eiscman, J. E. F., and Brown, M. G.: The Clinical Course of Angina Pectoris. 
In preparation. 

10. Libman, E.; Personal communication. 

11 Hanflig, S S.: Pain in the Shoulder Girdle, Arm and Precordium Due to Cervical 
Arthritis. .1. A. M. A. 106: 523, 1936. 

12. Barnes, A. E.: Electrocardiogram in Myocardial Infarction, Arch. Int. Med. 53: 
455, 1935. 

1.3. EvTin, T. A., and llorgan, E.: Dissociation of the Thyroid from the Sj-nipa- 
thetic Nervous Sy.stcm and Reduction of the Blood Supply to the Thyroid in 
Angina Pectoris, South. M. .1. 12: 985, 1934. 

CASE REPORTS 

Ca.se 1 . — Angina Pectoris Simulating Gastrointestinal Disease. 

Mr. M. S., an instrument worker, had been in good health until the age of forty- 
two }-ears, when he first noticed “a dull cramp'’ in the region of the epigastrium, 
which came on exertion, such as .swimming. This lasted only a ‘'few moments” 
and disappeared on rest. X-ray films of the gastrointestinal tract revealed no 
pathology. A diagnosis of “nervous indigestion” was made. 

Two and one-half years later the patient noted that in addition to the epigastric 
discomfort there was a sense of choking and pain in the suprasternal notch, which, 
at time.®, radiated to the left arm. The attacks were onlj- a few minutes in dura- 
tion and disappeared on rest. A diagno.sis of angina pectoris was made, and medical 
therapy was instituted but without improvement. A year and one-half later he was 
referred to the Beth Israel Ho.spital for total thyroidectomy. 

Physical examination revealed no abnormalities. Tlie pjitient was well nourished, 
short and stocky. The heart was of normal size by x-ray examination; blood pres- 
sure, 145/85; electrocardiogram .showed left axis deviation, inr’orted T, and T^. Basal 
metabolic rate was -8 per cent. E.xercise in the cold room precipitated, after fifty- 
eight triji.s, an attack which rvas similar in all respects to those which he had had on 
the outside and was undoubtedly an^na pectoris. 

Comment . — Pain limited to the epiga.strium .suggc.sted that this pa- 
tient’s .s:tTnptomatology was due to a gastrointestinal disorder and only 
wlien discomfort radiated to the .suprasternal notch and the left ai’m was 
it possible to make a definite diagnosis of ajigina pectoris. The precipi- 
tation of epiga.stric discomfort by exerciae, tlie sliort duration of the 
syunptoms, the relief by rest, and the lack of relationship to food, should 
have raised the suspicion that the condition might be cardiac rather than 
gasti’ic. 

Case 2 . — Angina Pectoris Simulating Gastrointestinal Disease. 

Mr. P. ,S., aged forty year.«, a dry goods sale.sman, stated that three weeks before 
entering the ho.spital, while walking to work in the morning, he suddenly c.xperienced 
pre.^sure under the sternum which forced him to .stop in order to catch his breath. 
There wa.s no radiation of the jiuin, but it was accompanied by a feeling of choking 
and an intense de.“ire to belch. The attack lasted about “two minutes” and left 
him feeling quite well. .Since that time he had had five to .six similar attacks, usually 
occurring while walking to work in the morning. On one of:ea.sion he took a 
Seidlilz powder with prompt relief. 

Phy.«ie!il examination w.a.s e.s.sentially negative except for tcndeme.s.s to palpation 
over the right co.stal margin. The blood pressure was 130/92. X-ray examination 
revealed no cardiac enlargement. Electrocardiographic tnicings were normal except 
for prominent Q, and Q,, Oral cholecystograra revealed normal filling and emptv-ing. 
Blow! s<?rum cholesterol was 298 mg. per 100 c.e. Ba.sal metabolic rate was -10 per 
cent. 

Comment. The hisluiy in thi.s case is apparently quile similar to that 
of Case No. 5. Both patients were forty years of age. The attacks 
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had been noticed for only a few weeks. The discomfort in both instances 
was in the siibsternal region, was associated by a desire to belch, and 
was relieved by Seidlitz powder or bicarbonate of soda. Careful ques- 
tioning, however, revealed important dhferences in the duration of the 
attacks and the relationship to food and exertion. The relief by seidlitz 
powder, in this ease, was not real, for the attacks continued for several 
minutes after taking the powder, whereas other attacks not so treated 
were no more prolonged. After twenty-two trips in the cold room the 
patient developed an attack of anguia pectoris which was tjqiical of the 
attaclvs that he experienced on the outside. A month after discharge, 
the patient developed a coronary occlusion, from which he recovered. 

Case 3 , — Angina Pectoris Simulating Neuritis. 

Mrs. E. Iv., a liousewife, was well until the age of forty-five years. At this time 
a panliysterectomy was performed, following which she developed vague aches and 
pains in various parts of her bod}'. Her blood was found to show a sliglit increase in 
the number of white cells and the smear contained 50 per cent Ij-mphocytes, all of 
which were normal. There was no glandular enlargement and no evidence of blood 
disease. Two years later she developed attacks of pain beginning in the left wrist 
and radiating up the left arm to the substenial region and to the apex of the heart. 
These. were usually precipitated by exertion especially in the cold; excitement also 
induced attacks, and occasionally they awakened her at night. The pain she stated 
was of ''a pressing, squeezing character as if the sleeve had become too tight.'* She 
was unable to tell whether tlie sensation was on the inner or outer aspect of her arm. 
With the pain she felt very sliort of breath. The attacks came on once or twice 
a week, and were frequently accompanied by belching. 

Physical examination was entirely negative. The heart was not found enlarged 
by x-ray; blood pressure was 160/90. Electrocardiogram was normal except for 
left axis deviation. Basal metabolism was -f--” per cent. Serum cholesterol was 
269 mg..i)er 100 c.c. 

. Comment . — The patient believed she was suffering from indige.stion, 
for belching accompanied the attacks. The pain in the arm, however, 
led to a diagnosis of neuritis, and she was treated accordingly for several 
montlis. Exercise in the cold room induced a tyqiical attack of angina 
pectoris which began after 32 to 38 trips. The pain began on the flexor 
surface of the wrist, radiated up the inner aspect of the arm, and finally 
reached the midsternal region. Tlie attack lasted one and one-half 
minutes and subsided first in the cliest, then in tlie arm and finally in 
the wrist. For a period of approximately a year tliis patient was treated 
vnth various forms of medicinal therapy without any strilring improve- 
ment. She died suddenly during sleep. 

C.VsE 4 . — Angina Pectoris Simulating Dental Pathology. 

Mr. H. C., aged fifty-two years, a retired tailor, had been well, except for mild 
diabetes, until about two months before admission, when he began to complain of dis- 
comfort in the left lower jaw severe enougli to force him to stop walking. This 
pain usually began as pain in the region of a capped tooth. If he persisted in w.alk- 
ing, he felt a choking sensation in the throat, a squeezing semration in the retrosternal 
region, and pain along the inner aspects of both arms. With the attacks he fre- 
quently broke out into a .sweat. The paroxysms usually lasted “30 to 15 minutes.’* 
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Pliysical examination revealed a short obese indi^ddual in whom the left lower 
canine tooth served as one anchor for a bridge, and the cap had worn awa}' at the 
base exj)osing the tooth. The blood prcs.sure was 140/ / 0. i?C*ray film of the he«irt 
showed slight enlargement to the left. Electrocardiogram .showed low T-wavcs in 
all leads, inverted T., absent Q„ M-.«haped QRS,. The urine .showed no sugar; blood 
sugar was 12.3 mg. per 100 c.c. The basal metabolism wa.s -19 per cent. 

Ten months after the onset of .sj-mptoms, a deneiwation of the thyroid, according 
to the method of Lyon and Horgan,i3 %vas performed; this was followed by relief 
of pain in the chest and the right arm. He continue.s to have pain in the jav.- 
and left arm on exertion and excitement. 

Gomracnt . — The patient was quite certain that the pain wa.s due to iiis 
teeth. X-raj' films revealed alveolar rece.ssion but no other pathology. 
It was inconceivable that dental pain should be induced by exertion and 
should spread to the neck, the chest, and the arms. Exercise in the cold 
room precipitated an attack after ten trips which was similar to that de- 
scribed by the patient. About two months later the duration and fre- 
quency of the attacks inerea.sed. The electrocardiogram at that time 
showed inversion of T, and T,. 

Case 5. — Gastrointestinal Disease Sirmdating Angina Pectoris. 

Mr. M. G. (.35470A), aged forty years, complained of a sen.'-c of '‘x>re.ssure or 
heaviness” under the sternum, which came on while walking and after meats, did not 
radiate, and was occasionally relieved by belching. 

Phy-sical examination was essentially negative except for a blood xmes.sure of 
105/100, palpable and thickened brachial and radial ves.scts, the dorsali.“ pedis 
pulsation was ab.«ent. 

Comment . — Angina pectoris was .saspeeted, and the re.spon.se to exer- 
tion was studied. Xo attack was precipitated by one hundred trips 
under tlie standardized conditions of the te.st. Further que.stioning re- 
vealed that the discomfort usually came on after his noonday meal, at 
which time he usually waUted about tlie .streets during his lunch hour; 
the symptoms also occurred after other meals, while at rest. The dis- 
tre.ss usually' continued for approximately a half hour, was not ag- 
gravated by continued walking. Nitroglycerin gave no relief, but 
sodmm bicarbonate gave immediate relief. It was obvious that this was 
not a ease of angina pectoris but was more likely due to disturbed func- 
tion of the ga.strointe.stinal tract. The discomfort disappeared on a 
gasti'ie regime. 

Ca.sf, G. — Gallbladder Disease Simulating Angina Pectori.s. 

Mr. .T. &. had been previously examined in two other hospitals where d^:lgno^eH 
of arterio.sclerotic heart disca.se, coronary thrombo.si.s fold), and angina pectoris 
had been nsade. For three years before admi.ssion to the Beth J.srael Ho.spital he 
had e.vperienced attack-s of severe, .squeezing pain in the che.=t coming on once or 
twice a day, n.suully while re.^ting quietly, frequently following meals. They were 
rarely indur^id by exertion, but the patient had been living a very inactive life. 
Tho.'i! attacks u.-ually lasted from fifteen minutc.s to one or two hours, were unre- 
lieved by nitroglycerin, and often required moridiine for relief. On at least two 
wcasions the attack.^ had U-en so severe that several week.«’ rest in bed had been 
prc.=cribc-d. 
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Pliysical examination revealed a lij’peractive, short, stocky man. The left pupil 
^as irregular and smaller than the right. There was peripheral arteriosclerosis. The 
blood pressure was 170/90. 

Examination of the urine and blood revealed no abnormal findings. The blood 
Wasserniann reaction was negative. Serum cholesterol was 2S0. Basal metabolic 
rate -2 per cent. The heart was not enlarged by roentgenogram ; electrocardiographic 
tracings showed left axis deviation and a deep S,. During the patient’s stay in the 
hospital the symptoms disappeared entirely, and, after three weeks, he was discharged 
with diagnoses of hypertensive and arteriosclerotic heart disease, angina pectoris, 
pulmonary emphysema. 

Six weeks later he returned with a story that ten days before reentry, while sitting 
quietly in a chair, he experienced an attack of squeezing in the midsternal region 
wliich lasted for two hours and required hj'podermic medication for relief. This pain 
was preceded by profuse sweating. During the next few days he had several similar 
but less prolonged attacks. Examination at this time revealed essentially the same 
findings as at tlie previous admission. Eepeat electrocardiographic tracings showed 
an inverted Tj, which later became upright. 

Comment . — The historj’- in this patient was consistent with angina 
pectoris. Certain features, such as the prolonged duration of the at- 
tacks and the onset during rest and following meals rather than on 
exertion, made it advisable to investigate further. X-ray films of tlie 
gastrointestinal tract revealed no pathology. Cholecystograms by both 
the oral and intravenous method revealed no gallbladder shadow. A 
roentgenogram of the cervical spine showed hypertrophic changes at 
the anterior and posterior margins of the cervical vertebrae. 

Because of the aiiparent severity of sjnnptoms the patient’s response 
to exercise was studied witli great caution. The first test was stopped 
after he did a relativelj^ small amount of work (ten trips), and on each 
subsequent test the amount of work which he was allowed to do was in- 
creased. On the fourth test he made sixty-two trips in three and one- 
half minutes. This resulted in moderate dj^spnea and fatigue of the 
legs but no precordial distress. 

If this patient suffered from angina pectoris in as severe a form as 
was apparent from the history, it would have been impossible for him 
to have done this amount of work. Accordingly, he was discharged with 
instructions to take a low-fat, high carbohydrate diet, small meals, and 
tincture of belladonna after meals. There has been no recurrence of the 
sjnnptoms during the ten months since discharge. This is the longest 
period that he has been free of discomfort for three 3 'ears. 

Case 7.— Pathology of the Psophagm Simulating Angina Pectoris. 

■W, D., a pliysician, aged thirty-seven years, while running up two flights of stairs 
two steps at a time, developed a sharp, choking j^ain under the middle of the sternum. 
There was no radiation of this discomfort, and after resting for “a second or so” 
it disappeared. Following this episode, he experienced the pain many times a day, 
frequently vdth exertion, and frequently wliile resting quietly. Physical examination 
was negative. .Electrocardiogram was normal. 

■ Comment . — Tlie mdmentaiy nature of the discomfort, together vith 
the fact that it, came on just as frequently while at rest as during exer- 
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tion, made it seem unlikely that the symptoms Avere cardiac in origin. 
The patient’s age, tlie character of the discomfort and the lack of radia- 
tion Avei’C also somewhat against this diagnosis, dhe patient, hoAA'cver, 
thoiAght that it might he angina, for five years previously, while pu.sh- 
ing an automobile in the cold after taking tAvo or three cocktails, he had 
dcA'eloped auricular fibrillation Avhich lasted scAmral hours. 

He requested to be alloAA^ed to “exercise in the cold room.” Four 
Aveeks after the onset of the .sjnnptoms he perfoi-med fifty trips (equal 
to approximately five flights of stairs) Avithout any discomfort; he Avas 
told that he did not haA^e angina pectoris. A fcAV Aveeks later he noticed 
that the pain came on chiefly A\’hen .sAvalloAving, especially ,sali\'a. X-ray 
examination rcA'ealed esophagitis and tAA^o small diverticuli about the 
middle third of the esophagus on the posterior surface. The patient’s 
symptoms disappeared entirely folloAving a modified Sippy regime. 

Case 8. — Arthritis Simulating Angina Pectoris. 

Mrs. S. S., aged fifty-six years, stated that for six montlis she had been ex- 
periencing a necdlelike and burning pain in the chest radiating down tlie loft 
shoulder and left arm. TJiis pain usually came Arhile walking, was most com- 
monly felt during cold weather, was associated with shortness of breath and dis- 
appeared a few minutes after she stopped and rested. In addition, she had pain 
and stitTiiess of the fingers of both hands. 

Physical examination was essentially negative. The blood pressure was lGO/80, 
and there was slight cyanosis of the lip.«. 

Comment. — The clinical hi.story sugge.sted angina pectori.s as the mo.st 
likely eau.se of the SAnnptoms. On ohseiwation during exertion, it AA’^as 
CA'ident that the pain A\"as experienced in the region of the fifth and 
sixth interspaces hctivecn the anterior and •poHierior axillary lines on the 
left and also on the posterior aspect of the left arm. It Atms also evident 
that this pain came not on exertion hut on motion. Bending of the trunk 
AA*as sufficient to induce the pain in the chest, Avhile bending of the head 
bi’ought on the pain in the shoulder and the left arm. 

It Avas evident that this patient did not have angina pectoris. The 
pain Avas due to pathology in the .spine, similar in character to the 
atrophic arthritis in the hand. 

Case 9 ." — Arthritis Simulating Angina Pectoris. 

Mr. H. T., aged fifty-four years, bad been troubled by pain in (be clios( radiating 
to the outer aspect of bolb arms for about two years. The discomfort usually 
came on at nigbt while in bod and Avoke him from sleep. It was unassoeiated by 
.shortness of breath or .sweating and Avas ncA-er induced by Availing or climbing stairs. 
The attacks u.sually occurred several time.® a Aveek, lasted from a few seconds to ten 
or fifteen minute.s. A jibysician pre.^cribed nitroglycerin Avbich guA-c him considerable 
relief, and at one time an operation AA-a.s adA-ised for relief of this heart pain. 

Physical examination revealed moderjite arterioselero.sis, the heart size Avas shoAA'n 
to lx,' Avithin normal limits by x-ray examination; the electrocardiogram was normal. 

Comment. This aa’cs apparently a ea.se of angina pectoris, but exer- 
ciser^ the cold room failed to produce any precordial discomfort. Sub- 

•TliSs case liu.s hr-i-n reported prCA-lou.xly by Dr. .S. Hannig, 
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cutaneous injection of adrenalin induced a rise in blood pressure and a 
severe pain above the left breast, radiating to the left shoulder down 
the arm to the elbow. This was not relieved by lactose tablets but was 
relieved by nitroglycerin. This attack was in all likelihood angina 
pectoris, but tlie attaclrs which he experienced in daily life were different 
in character. JX-ray films of the cervical and the dorsal spine revealed 
slight lipping about the anterior margins of the fourth and fifth cervical 
vertebrae, klotion of tlie head brought out pain in the affected regions. 
It seemed evident that the patient was suffering not from angina pectoris 
but radiculitis due to arthritis of tlie cervical spine. The apparent 
relief by nitroglycerin w'as seemingly against this diagnosis, but it was 
soon found that tablets of lactose under the tongue gave as rapid relief 
as did nitroglycerin. 

The cervical spine was stretched and manipulated according to the 
method outlined elsewliere,^^ with complete but temporary relief from 
tlie symptoms. Eepeated orthopedic treatment has been necessary on 
several occasions during the past feiv years. The patient has at times 
shown evidences of arthritis in the left shoulder and both hands. 

Case 10 . — Angina Pectoris and CholeUthia^is. 

Mrs. D. Iv., a fortj'-two-year-old housewife, was admitted to tlie hospital because 
of '‘indigestion.” Eighteen years ago, she had a fainting spell, following which 
she developed a burning pain in the right upper quadrant wliich radiated to the 
re^on of the right shoulder blade. For three or four days she vomited frequently 
and required morphine for relief of the pain. During the next year the discomfort 
returned at frequent intervals and prevented her from working. Thirteen years ago 
she experienced belching and distress in the upper abdomen for several weeks. On 
one occasion she fainted. A diagnosis of gastric ulcer was made. Operation revealed 
no gastric lesion, but a pathological gallbladder was drained, following which 
treatment she was free from discomfort for some time. Nine years ago she 
developed nausea and an "annoying, dull, tearing” pain in the right upper quadrant 
which was accentuated by exertion and relieved by rest. X-raj- studies revealed 
adhesions in the region of the gnllbladder and duodenum. Operation was refused. 
Four months ago she again developed cramping, nagging pains in the right upper 
quadrant, coming on about three hours after meals, and accompanied by a sensation 
of pressure under the heart which took her breath away. At times these pains would 
radiate to the left shoulder and down the left arm. 

Physical examination was essentially negative. The patient was well developed, 
short, and stocky. The blood pressure was 120/SO. The blood and urine were normal ; 
serum cholesterol, 291; electrocardiogram revealed flat T, and low T.. Oral chole- 
cystogram revealed a faint gallbladder shadow with a calcified stone in the fundus. 

Comment . — :Tlie history was consistent with gallbladder disease ex- 
cept for the radiation to the left shoulder and left arm. Careful ques- 
tioning revealed that the patient really had two types of discomfort 
pain and distention in the epigastrium and right upper quadrant which 
usually lasted for hours and which she had had off and on for years; 
and pain and pressure in the region of the cardiac apex, at times radiat- 
ing to the left shoulder and arm, ivliieh would last about five minutes 
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and whieli she had liad for about four unonths. These latter attacks 
came on at times following the prolonged pain in the right upper 
cpiadraht, and they also came "with exertion and emotion when the 
right upper quadrant pain was absent. The patient naturally believed 
that all these sjunptoms were due to her gallbladder and only by careful 
questioning as to the duration, character, and mode of onset was it pos- 
sible to separate the two groups of symptoms. 

After forty trips over the two-step staircase in the cold room, the 
patient developed a sense of pre.ssure over tlie region of the cardiac apex, 
which did not radiate and which continued for about forty-live seconds 
after stopping the exercise. This sensation was typical of some of the 
less severe attacks which she had experienced at liome and was entirely 
different from the symptoms in the right upper quadrant. 

A diagnosis of cholelithiasis and angina pectoris was made. The pa- 
tient was operated upon, and a diseased gallbladder was removed. 

Reexamination a year later revealed that the pain in the right upper 
quadrant had disappeared following the opei’ation, but the pain in the 
chest and left arm had become more frequent. It was precipitated by 
walking, emotion, and coughing. Exercise in the cold room again 
precipitated an attack of angina pectoris which radiated to the inner 
asspeet of the left arm and was similar in all re.spects to that which .she 
experienced when at home. 

Case 11. — Angina Pectoris Associated With Diaphragmatic Hernia and Morphine 
SensitivUy. 

Mr.s. B. B., a fifty-two-year-old ]iou.seu'ife, had Iiad hj-pertension for twenty-five 
years, nocturia, occa.sional dizzy spells, .spots before tlic eyes, ringring in the ears, 
and .«overe headaches for ten year.s. Thirteen years ago her gallbladder ivas removed. 
Beginning nine years ago, .she began to experience .sudden severe attacks of jirecordial 
pain brought on by exertion or ‘ ‘ aggravation ’ ’ or following a heavy meal. These 
usually lasted about five to ten minutes and were frequently accompanied by nausea 
and vomiting. On three of four occasions these attacks had been very severe, were 
a.ssociatcd with a fall in blood jiressure, required injections of morpliine for relief, 
and were treated by prolonged re.st in bed. For many years she had had .swelling 
of the ankle.s toward evening, and on .several occasions during the past three years 
had been awakened from sleep by .«hortne.«.s of breath. 

Pliy.sical examination revealed the jiatient to be obe.^e. There were moderate cardiac 
enlargement and a soft .systolic murmur at the aortic area. The blood pressure was 
190/100. The liver was palpable two fingerbreadtbs below tbe costal margin. There 
was minima! pitting edema of the legs. Tiie lungs sliowcd rales at both ha.ses. The 
urine and blood were normal; .^erum cholesterol was 378 mg, per 100 c.c. ; basal 
metabolic rate, -20 per cent. X-ray examination of the chest revealed calcification of 
the aorta. Electrocardiographic tracing showed deep S,, inverted Tj, elevated .S-T<, 
with late inversion. 

Tlie excitement of coming to the ho.spital precipitated a severe iittack of precordial 
pain for which .she was given moridune. Shortly thereafter she vomited, the pain 
returned and morphine was again administered. Vomiting continued for several 
days, and the vomitu.*; and stools revealed occult blood. When morphine was discon- 
tinued, the vomiting .soon ceased. 
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■ Comment . — It was evident that the patient had hj^pertensive and 
arteriosclerotic heart disease Awtli angina pectoris and mild congestive 
failure. The atypical feature was the frequent occurrence of vomiting 
with the attacks of heart jiain. Exercise in the cold room precipitated 
an attack of precordial pain similar to that experienced at home but not 
accompanied b}’- vomiting. X-ray films of the gastrointestinal tract 
revealed a diaphragmatic hernia. 

The vomiting was apparently due to the diaphragmatic liernia and 
sensitivity to morphine. Severe attacks of angina were frequently 
treated by morphine, which in turn caused vomiting. The discomfort 
of nausea and vomiting would frequently precipitate other attacks of 
angina. As a result, the patient was unable to differentiate between the 
‘ different two groups of sjTuptoms. 



UNUSUAL CLINICAL MANIFESTATIONS OF SLT3ACUTE 
BACTEEIAL ENDOCARDITIS® 

Alex^vxder Grossjiax, 2I.D., and Adrahaji Lieberson, M.D. 

New York, N. Y. 

''T^HE three cases here reported are given in some detail because of 
* their unusual clinical interest. In one, pericarditis was present at 
the same time as subacute bacterial endocarditis, bringing up the moot 
question of the relationship between active rheumatic infection and sub- 
acute bacterial endocarditis. Post-mortem examination .showed that 
the pericarditis was due to a perforation of a mycotic aneuiysm of the 
sinus of Valsalva witli extension of the infection to the pericardium and 
that it was not due to active rheumatic involvement. In the second, 
a triad of rare findings occurred in the same patient^ — auricular fibrilla- 
tion before the onset of the bacterial endocarditis, polycythemia, and a 
.spleen which was not palpalfie at any time during the course of the 
disease. The third was admitted to the genito-urinary .sei'viee for peri- 
nephritic absce.ss, but was in reality a case of subacute bacterial endo- 
carditis witli splenic infarction. When the infarct became infected the 
patient developed a subphrenic abscess with perforation of the dia- 
phragm and left-sided empyema. 

Ca.se 1. — I. fi.. a male, aged twenty yearfi, student, was admitted Aug. 16, 19.36 
Because of eough and substernal oppression for .several days. The patient had 
migratory polyarthritis in 1920 and rheumatic endocarditis in 1929 (when mitral 
stenosis, mitral insufficiency, and aortic in.sufficiency were diagnosed). In 19.33 he 
suffered a recurrent attack of endocarditis. He was well enough between hi.s periods 
of illness to lead an active life. Two weeks before Iiis present admission he com- 
plained of a stiff neck and a fever of 102° F. He later developed a slightly produc- 
tive cough and a sensation of pressure over the precordium for two day.s before 
admission. 

Physical Examination . — The patient appeared acutely ill, cyanotic; temperature 
was 103.0; pulse, 120; respirations, 34. The head bobbed with each heart beat. 
The neck showed no trachea) deviation or tug. Lungs; There were diminished 
breatliing, dullness and rikles at the left base; other areas were normal. Heart: 
Tlic heart was marked)}' enlarged to the left. A double aortic murmur was heard 
at the base and a blowing systolic with an early diastolic murmur (probably trans- 
mitted from the base) could be heard in the mitral area. TIic rln'thm was regular, 
the rate, 12a. Hlood pressure was 120/0. The abdomen was negative; no edema 
was present, no petecliiae, and only slight clubbing of the fingertips. 

Eahoratory Findings . — ^Repeated specimens of urine showed specific gravity up to 
1.024 with a rare granular cast, and an occasional faint trace of albumin. A few 
red blood cells were found in 4 of 24 specimens (during the first week of his stay). 

The blood never .diowed a true anemia (5,580,000 red blood cells with 98 per cent 
hemoglob in on admission; 4,180,000 red blood cells with 80 per cent hemoglobin 

•From the Xteflical Service ot the Beth l.erael Hospital. 
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tliree days before death). The ivliite blood count varied between S,.350 and 13,600; 
the sedimentation rate between 45 mm. and 23 mm. fall in forty-five minutes. The 
venous pressure was 2 cm. Blood culture showed between 2 and 75 colonies of 
Streptococciis viridans per cubic centimeter. Pericardial fluid on September 12 and 
October 2 showed no organisms and no growth on culture. Blood Wassermann 
reaction was negative; blood chemistry normal. 

Electrocardiogram (August 17) sliowed right axis deviation with slurring and 
notching of QRS in Leads I and lU, sugesting myocardial damage. 

Eoentgenogram- (August 28) showed marked accentuation of the ascending aorta 
arid the left ventricular contour; no accentuation of left auricular or pulmonarv 
conus. The apex extended to within a short distance of the axillary line. The 

cardiac silhouette was that of an aortic lesion, predominantly aortic insufficiency. 

There was no evidence of pericardial effusion. 

Course. — ^It was felt on admission that the patient might be suffering from 
recurrent rheumatic carditis, particularly in view of typical Ewart’s breathing 
at the left base posterioidy, probably due to pericarditis with effusion. At the 
same time blood cultures continued to show Streptococcus viridans in increasing 
number, definitely establishing the case as one of subacute bacterial endocarditis. 
The patient soon began to show signs of diffuse embolization (petecliiae, etc.). 

The bronchial breathing at the left base became more and more marked so 

that a diagnostic perieai'dial tap was performed (September 12), which j-ielded 30 

c.e. of straw-colored fluid. The culture of this fluid was negative, the cell count 430 
per cubic centimeter with 90 per cent polymorphonuelears and 10 per cent Ijunpho- 
cytes. Although this did not change the signs at the left ba.se, a distinct pericardial 
friction rub was audible over the sternum the next day. The patient at thi.® time 
developed a patch of bronchopneumonia in the right middle lobe. He began to .show 
signs of peripheral collapse and circulatory failure. On September 21 there was 
marked costo%'ertebral tenderness, probably due to renal infarcts. Three day.s later 
he had an episode of abdominal pain and rigidity in the left upper quadrant, 
interpreted as indicating splenic infarction. The spleen, however, was not palpable 
at any time, even though there was exquisite tendeimess in the left upper quadrant. 
The area of dullness and bronchial breathing in the left chest posteriorly now began 
to reach a higher level. On the second pericardial tap (October 2) 150 c.c. of 
serous fluid were removed; tliis showed 420 cells per cubic centimeter, 73 per cent 
polymorphonuelears, 27 per cent lymphoc.ytes, specific gravity l.OOS. A loud fric- 
tion rub was heard anteriorly after the pericardial tap. Gallop rhythm superseded 
the normal. The patient died on October 10, 1930, about eight weeks after admission. 

AUTOPSY REPORT (dR. A. PL.VUT) 

diagnosis. — Old and recent aortic endocarditis with valvular aneurysm and in- 
sufficiency of the aortic ostium. Mitral endocarditis with insufficiency of the ostium. 
Acute pericarditis. Dilatation and hypertrophy of heart, notably of left ventricle. 
Infarcts in spleen and kidney. 

Searf.—The heart weighed 980 gm. On the anterior loft ventricular surface was ’ 
an area 2 cm. in diameter with a number of small, light yellowish-gray, friable tag.s 
adherent to the surface. The heart was enormously dilated and Inpertrophied, 
especially on the left. The right auricle and ventricle were dilated. The pulmonic 
ring was ' widened ; , otherwise the valve appeared normal. The mitral ring uas 
cm. in circumference. The chordae tendincae were extremely long, thickened, .ind 
fused together. Some of the chordae contained minute, grayish-pink, verrucous 
vegetations: a row of small verrucae lay along the closure lino of the vahe. The 
aortic ring was greatly widened, the valves were thickened and fused along the com- 
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missurep. Tliey bore large, hard, rough, gray, vegetations. There was an aneurj-sm 
of the sinus of Valsalva of the posterior aortic cusp. The myocardium was 
moderately firm, pale purplish. No focal lesions were found. The left ventricular 
wall was 20 mm. thick, the right, 5 mm. The coronaries were wide and thin-walled. 
Directly below the aortic ring an indistinctly outlined, partly calcific, partly soft 
yellow area, 1.5 cm. in diameter, was seen. The aorta was quite clastic and contained 
many small atheromatous plaques in the ascending and thoracic portions about 
the openings of the vessels. M.icroftcopically ! No rheumatic lesions were found in 
the heart. The inflammatory lesions were uncharacteristic. The subepicardial fat 
tissue was infiltrated with small round cells. Small and large foci of granulation 
tissue were found scattered throughout the myocardium. The valvular lesions con- 
sLsted of accumulations of leucocj'tos, fibrinoid necrosis of connective tissue, and some 
proliferation of endothelial cells and fibroblasts. The abscess-like focus below the 
aortic ring contained calcific material and uncharacteristic inflammation. There was 
moderate diffuse fatty change in the myocardium. 

Lungs . — The lungs appeared edematous and hypcremic. The pleura was smooth 
and glistening. 

Spleen . — The spleen weighed .300 gnu, and was large and firm. It contained in- 
farcts and recent infarct scars. 

Kidneys . — The left kidney weighed 180 gm., the right, 100 gm. The capsule, 
cortex, and medulla appeared normal. There were several depressed scars duo to 
fresh infarcts. Microscopically no Loehlein lesion or other important glomerular 
lesion was found. 

Tdvic Organs. — Suprarenal; Stomach, and Intestines were normal. The Liver; 
stasis with poor definition of the acinar structure due to central atrophy. 

DISCUSSION 

Tile autop.sy confirmed the clinical diagnosi.? of pericarditis, hut this 
was evidently due to extension of the infective process from the mycotic 
aneurysm of the sinus of Valsalva to the pericardium and not to active 
rheumatic infection, as the alrsence of Aschoff bodies at post-mortem 
examination showed. It mu.st he admitted that the pericarditis was 
inlerpreted clinically as probably due to recurrent rheumatic infection 
and not to tlie relatively rare condition that tlie autopsy revealed. It 
sliould he stressed here that this cau.se for pericarditis in a patient with 
bacterial endoearditi.s is not as rare as w'C formerly believed. Dr. 
Klemperer^ demonstrated the organs of a case of subacute bacterial 
endocarditis veiy similar to our own. Tlie patient, a man of fifty-three 
yeans, had clinical evidence of pericardial effusion, aortic d.isease, and 
subacute bacterial endoearditi.s. At autopsy no Aschoff bodies were 
^ found, hut an acute pericarditis was pi’e.sent due to a mycotic aneurysm 
of the sinxLs of Valsalva that had penetrated deep dovm and involved 
the pericardium. Dr. IDemperer recalled two more cases that had severe 
ulcerating lesions of the aortic valve giving rise to pericarditis. We 
must think then of this lesion when we find frank signs of pericarditis 
in a case of subacute bacterial endocarditis not showing any manifesta- 
tioiis o f active rlieumatic infection. 

•Mount SInal Hospital Patiioloclcal Conference Oot. 24, 193C. Case Ho. lO.OOC, • 
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It is important to note tliat if no autopsj’’ had been performed in tliis 
ease the final clinical diagnosis would in all probability have been rheu- 
matic pericarditis (i.e., an active rheumatic infection) in the presence 
of subacute bacterial endocarditis. We believe that this is an infrequent 
occurrence clinically, although there liave been many references to the 
closer association of these two conditions.^' ^ The stand that the usual 
subacute bacterial endocarditis is implanted on recentlj’ active rheumatic 
lesions and not on the basis of old or healed rheumatic valvular lesions 
has lately been taken very effectively by von Glalui and Pappenheimer.^ 
In 26 consecutive patients with subacute bacterial endocarditis (of all 
ages) which they report, 46 per cent showed Aschoff bodies post mortem. 
This is about the same proportion as in uncomplicated rheumatic cardi- 
tis.”° We do not know from the article whether these suljacute bac- 
terial cases gave clinical as well as pathological evidence of rheumatic 
activity. It appears as if pathologically the two conditions occur with 
greater frequency than they are suspected elinicalhq possibly because 
the presence of subacute bacterial endocarditis overshadows the clinical 
manifestations of active rheumatic endocarditis. It is interesting to note 
that in the ease here reported the situation was exactly the reverse, the 
presence of pericarditis was interpreted as indicative of active rheumatic 
infection, w'hile pathologically the evidence for active involvement of the 
heart was absent. Perhaps it ma.y be said, as Saphir and Wile^ liave 
shown, that in the yoimger age groups bacterial endocarditis is often 
engrafted on a fresh endocarditis. In the older age groups, and where 
a long period of time separates the Imown rheumatic infection and the 
advent of bacterial endocarditis, it is more likely that the bacterial endo- 
carditis is implanted on a chronically injured valve. From the clinical 
point of view, however, it is not common to find franlv clinical evidence 
of active rheumatism in a case of subacute bacterial endocarditis, and 
even the presence of pericarditis is not necessarily indicative of active 
rheumatic involvement of the heart in a case of subacute endocarditis. 

It should be noted finally that there was not at any time evidence of 
anemia in this ease of subacute bacterial endocarditis. On admission the 
red blood count was 5,580,000 vdth 98 per cent hemoglobui; and 4,180,- 
, 000 witli 80 per cent liemoglobin terminally. This was not due to de- 
liydration or increased concentration of blood. Case 2, also failed to 
show anemia until the very last few weeks. 

Case- 2. — .T. E., male, aged thirty-five years. The patient had pancarditis in 1917. 
and recurrent fever the follo'wing year. He thought he liad made a complete recovery, 
and felt well until four days before liis first admission (Feb. 16, 1936) when he com- 
plained of low-grade fever, weakness, and general malais,e. At this time he had an 
enlarged heart and auricular , fibrillation. Laboratory: red blood cells numbered 
7,080,000 with hemoglobin 110 per cent. Wiute blood count was 8,600 with 74 per 
ccrit polymorphonuclears and 3 per cent macrophages. Sedimentation rate 14 mm. 
fall in 45 minutes. There were no red blood cells in the urine. Blood culture 
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showed 24 colonies of Strevtococcus viridans. There were no other clinical manifesta- 
tions of subacute bacterial endocarditis, such as embolization ov petccliiae. The ii\e 
months’ interral between admissions was spent mainly in bed because of persistent 
fever, cough, and weakness. During this entire period there were no skin lesions, 
weight loss, or night sweats. He was readmitted July 22, 19.30 because of chest 
pain of three days’ duration. 

riiysical Examination.— On readmission the patient appeared chronically ill, but 
well nourished. Temperature was lOl” F.; pulse, 120; respirations, 20. There was 
no clubbing of the fingers; no petcchiae. The heart was enlarged to the left. 
Auricular fibrillation was present %vith no pulse deficit. Systolic and diastolic 
murmurs were heard at the apex. The lungs were negative. The spleen and liver 
were not palpable. 

Laboratory Findings . — A typical urine .specimen (Februarj' 22) showed .specific 
gravity 1.020; albumin, faint tr.ace; 4 to 0 red blood colls and ,3 to 4 white blood 
cells per liigh-power field; occasional hyaline cast; red blood cells were present 
in 8 of 12 urine specimens examined. The red blood count had fallen from the 
previous admission to 4,370,000 with 73 per cent hemoglobin on July 22, Shortly 
before death (September 13) the red blood count was only 3,420,000 with 05 per 
cent hemoglobin. There were 12,450 white blood cells, 83 per cent polj'morphonuclears 
and 2 per cent macrophages. Sedimentation rate (July 23) 52 mm. in 45 minutes. 
Blood culture on 4 occasions showed 100 to 300 colonies per cubic centimeter. Blood 
Wassermann reaction was negative, blood chemistry, normal. 

Electrocardiogram. (July 23) sho'ved auricular fibrillation. On August 24 an 
electrocardiogram showed frequent ventricular premature contractions in addition. 

itoenigenogram at the bedside (.Tul^' 31) showed tbe cardiac contour to be that 
of double mitral vahmlar lesion. There was a diminution in aeration in the lower 
half of the left lung field, but no definite evidence of infiltration or consolidation of 
the lungs. 

Course . — The daj' after admission (July 23) petcchiae appeared on the soft palate, 
which la-sted fortj'-eight hours. Several day's later ho had extreme pain in the lower 
left chest radiating to the left shoulder, heralding infarction of the spleen. Soon 
after thi.s the patient complained of abdominal pain and distention, probably' due to 
embolization of some intestinal ve.ssel. On August 21 there was a recurrence of 
pain in the left lower chest made worse by deep in.spiration, suggestive of fresh 
splenic infarction. On September 5 edema of both ankles, a lender, distended liver, 
and a marked pulse deficit ai)peared. With active digitalization the cardiac failure 
was cleared somewhat. On September 11, however, pain in the lower left chest 
recurred and a definite friction rub could be heard over the .spleen, duo to a 
perisplenitis. Rales appeared at both bases, and re.spiratory- difliculty- rapidly in- 
creased. The patient died on Sfipteraber 19, two months after his re-admission. Ko 
autopsy was done. 

DKCU.S.SIOX 

On the fir.st admi.ssion tlie patient demonstrated several findings that 
are unnsual for subacute bacterial endocarditis. These were the poly- 
erthemia (7,080,000 red blood cells witli 110 per cent hemoglobin), 
the presence of auriculai' fibrillation, the ab.sence of a palpable spleen. 
To come across such a triad in a ca.se of bacterial endocarditis is rare 

indeed and made us doubt tiie diagnosis until the further clinical course 
jastified it. 
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On the second admission (Jnty 22) the red blood count was 4,370,000 
with 73 per cent hemoglobin. This should be considered a relative 
anemia and a marked fall in the red blood cells when compared with the 
original counts in -February, 1936. Towards the la.st weeks of the pa- 
tient’s life the blood showed a true anemia, as might be expected in a 
ease of bacterial endocarditis (3,420,000 red blood ceUs with 65 per cent 
hemoglobin) . 

The presence of auricular fibrillation at the beginning of tlie clinical 
manifestations of subacute bacterial endocarditis is rare indeed. It is a 
good practical dictum, stressed by many clinicians,^’ that a fibrillator 
is spared the advent of a complicating bacterial endocarditis. Sprague” 
reports an interesting ease which disproves this rule, as do de la Chapelle 
and Graef.^” In Segal’s^^ review of 192 eases of bacterial endocarditis 
three instances of auricular fibrillation were described. In only one, 
however (Case 3), was the fibrillation present before the development of 
the subacute bacterial endocarditis, and this is the onlj* case that re- 
sembles our ovni. In the others the fibrillation occurred for a short 
period towards the end of the disease. 

The absence of a palpable spleen throughout tlie clinical course of the 
disease in this patient is to be noted. Altliough Bliimer” in his excellent 
review of the literature says an enlarged spleen was present in only 
74 lief cent of the cases, he was speaking mainly of smgle examinations. 
On the wards of Beth Israel Hospital we have been able, in the great 
majority of cases to palpate an enlarged spleen at some time during the 
disease; surely in more than 90 per cent. Unfortunately an autopsy 
was not permitted in this patient so that we do not have definite loiowi- 
edge about the size of the spleen. Note, however, that the spleen was 
not palpable in Case 1 of this report, and here autopsy showed an en- 
larged, infarcted, spleen. It is likely that the same thing occurred in 
this second case — ^that repeated infarctions with concomitant perispleni- 
tis made the spleen less movable on deep inspiration, so that it could 
not be palpated. 

Case 3. — B. M., a male milliner, aged twenty-five years, was admitted, Nov. (i, 
1934, to the genito-urinary service because of sudden severe sticking pain in the 
left, flanlv. radiating to the left costal border four weeks before admission, followed 
by fever rising to about 102° F. at night. Anorexia and weight loss (35 lb. in four 
weeks) developed. One week before admission the patient voided reddish urine 
frequently for several days. 

Physical Examination.— The patient appeared acutely ill and emaciated. Tempera- 
ture was 105° F.; pulse, 110; respirations, 30. Lungs were negative. Tlie heart 
was slightly enlarged to the left. A high-pitched diastolic murmur was heard in the 
aortic area transmitted to the left border of the sternum as far as the apex. The 
blood pressure was 145/65. There was rigidity and tenderness in the left flanlv as 
far as the costovertebral angle. 

Laloratory Findings . — A typical urine specimen (November 0) showed specific 
gravitj’ 1.025, albumin faint trace; 10 to 20 red blood cells, and 6 to 8 white blood 
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cells per high-power held; no casts. The blood showed (November 0) 4,000,000 red 
blood cells, SO per cent liemoglobin, white blood cells 12,000 with 70 per cent 
polvmorphoMclears. This rose to 44,000 with 90 per cent polymorphonuclear.^ on 
November 19 when empyema developed. Blood .smear from the ear lobe (November 
17) showed 3 per cent ' macrophages. Blood cultures (November 17 and 19) were 
sterile. Urine culture was negative for tubercle bacillus colonie.s. Blood Wasser- 
mann reaction was negative. Blood cherai.strj- shoived nonprotein nitrogen GG 
on November 7, and 31 on November 12. 

Electrocardiogram (November 21) showed .sinu.s tachycardia with lov.' amjditude 
T, and T., suggesting myocardial damage. 

lloentgenogram of the cheat (November 10) showed effusion in the lower portion 
of the left pleural cavity with deviation of heart to the right. There was exaggera- 
tion of the right and left cardiac contours. 

Course . — From the history, it v,'{i,s believed at first th.at the patient v.-as suffering 
from a perincphritic abscess. Cy.stoscopy revealed turbid urine in both ureters 
with many red blood cells and white blood cells. The concentrating power iva.s not 
impaired, however. Pj'elographic examination of the urinarv" tract rvas entirely 
negative, showing no evidence of perincphritic ahsce.ss or urinary calculus. The 
patient continued to run fever for a weeh. On medical con.sultation, signs of frank 
pleurisy at the left base were found. In addition to the aortic diastolic murmur a , 
mitral systolic and diastolic were now heard. The edge of the spleen was palpable. 
It was considered that the presence of fev^er, a palpable spleen, and hematuria in a 
case of valvular heart di.sease (aortic) pointed strongly to the diagno.?is of s’ubacute 
bacterial endocarditi.s. The effu.sion in the chest following a bout of piain in the 
left flank suggested a splenic infarct with sub.sequent suppuration which had ex- 
tended to the left pleural cavity. The bloof] culture was negative; but tliere were 
3 per cent macropliages on blood smear. The signs of fluid in the left cheat in- 
creased and aspiration revealed a sanguino-purulent fluid. On rib resection the left 
diaphragm was found very high. Mlnle exploring the empyema cavity an op>ening 
was made through the softened diajAragm into a pochet of subdiaphraginatic pu.s. 
The exact location of this i>uh could not be determined because of the precariou-s 
condition of the patient. Following operation the patient continued to do poorly in 
spite of blood transfusion. He finaliy .mccumbed six days after operation; about 
three weeks after admission. 


.M:T0P,SY KICI'OUT (on. A. plaut) 

Diagnosis . — Empyema of left pleural cavity. Perforation of left dome of 
diaphragm leading into broken-do^vn splenic infarct, Perisjdenic adhesions. Aortic 
endoc;jrditis with imsufficiency. Circumscribed mitral endocarditis with formation 
of so-caiJed valvular aneury.sin. Dilatation and iiypertrophy of left ventricle. Kidney 
infarct, Glomc-mlonephriti.=, partly of the embolic bacterial tv'pe, partly true Loehlein 
lesion. 


Hearl.—The heart weighed 323 gm. The left ventricle was wider than normal. 
One centimeter above the free edge of the mitral commissure a very soft, hy-peremic 
mass 1.0 cm. in diameter protruded, attached to the valve by a broad base. There 
were .‘^oft, pnrplish-gniv vegetation.s on the ventral surface of the valve. A small 
hole in the center formed a .- 0 'cane<} vahnlar aneurysm. Tiie aortic leaflets were 
the seat of an old endocarditis. They were .shortened and thickened; tlm free edges 
had II moth-eaten apjtearance and had fine reddish masses npon them. One centimeter 
Istlmv the Irtise of the right cusp there were irregularly crescent-.=haped thiekenings 
in the endfs.-ardium of the .septum. The ascending aorta was slightly athc-romatons, 
^h'-nrise noi-mal. The inside of the sinus of Valsalva showed nothing remarkable. 
The corrmary nrtc-rie= were wide and normal. Tim auricles, the pulmonary and 
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tricuspid valves,, and the myocardium of the right side showed nothing abnormal. 
Microscopic: The section from the aortic valve does not show recent endocarditis. 
Crushed smear from vegetation of lieart valve shows numerous gram-positive strepto- 
cocci in cliains of 4 to 6. 

Ljd!( 75.— Bronclii, arteries, and lung tissue were normal, except for slight 
emphysema. 

Tiie spleen, pancreas, siomacli, and the left dome of the diaphragm formed a 
large, irregular soft mass. At the highest point of the left dome of the diaphragm 
there was a rough circular opening about 7 cm. in diameter leading into an irregular 
cavity with torn bloody walls, and irregularlj'- torn splenic tissue. It was separated 
from the diaphragm by fat tissue. >Smaller infarct-like areas were seen at diiferent 
points. Fibrin-like masses could be seen when the adherent diaphragm was partly 
removed from the surface of the spleen. An abscess the size of a small almond was 
situated witliin the diaphragm. The liver, whicli weighed 2,040 gm., was hj^peremic 
and showed some fatty changes. 

Kidneys. — The kidneys were large, and stripped easily from the capsules. The 
left kidney contained a yellow, roughlj- wedge-shaped nonprotruding^ corpus with a 
h}-peremic marginal zone. Microscopic: The yellow focus was an infarct. The 
glomerular pictures varied considerably. Some glomeruli were almost normal, some 
showed the capsular changes of glomerulonephritis, while other glomeruli gave a 
characteristic picture of a Loehlein lesion. 

DISCUSSION 

There are several points of interest in this case. The initial reference 
of the patient to the genito-nrinaiy service rather than tlie medical is 
not an infrequent occurrence when the presenting symptoms are high 
intermittent fever and hematuria. We have seen this error made 
several times before. The diagnosis of subacute bacterial endocarditis 
could not be confirmed ante mortem in this patient because the blood 
culture was sterile. The differential diagnosis was mainlj’ between 
perinephritic abscess and splenic infarction with secondary infection in 
a case of subacute bacterial endocarditis. Aside from the negative 
pyelographic findings and the positive findings in the heart, several 
other . considerations pointed to the latter diagnosis. Elevation of the 
diaphragm is not common in perinephritic abscess, while it is the rule 
in subphrenic. The pain in the left upper quadrant radiating to the 
left costal margin pointed to a perisplenitis such as one sees in infarc- 
tion rather than a kidney lesion. Splenic infarction is likely to occur 
terminally and not as the early clinical manifestation of subacute bac- 
terial endocarditis that this case showed. From the history it appears 
tliat the splenic infarction occurred during the first montli and that the 
patient did not die directly from the sUbacute bacterial endocarditis 
but rather from a complication of the disease — a secondary infection of 
a splenic infarct. There was franlv pus in the splenic abscess which was 
evidently due to a secondary infection, for the Streptococcus viridans 
(recovered from the heart valves) is not a pus-producing organism and 
could not in itself have been responsible for the pus found in the spleen, 
diaphragm and left pleural ca^’ity.' . 
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SUMMARY AND CONCLUSIONS 

Three clinically unusual cases of subacute bacterial endocarditis arc 
reported. In one a pericarditis Avas present concomitantly Avith sub- 
acute bacterial endocarditis. The pericarditis Ava.s clinically belicA^ed 
to be a manifestation of aetiAm rheumatic infcction^ — at autopsj'^ it Avas 
found to be due to an e.xtension of infection from a m,ycotic aneurysm 
of the sinus of Valsalv’a to the pericardium. This cause for pericarditis 
in a patient Ainth subacute bacterial endocarditis is not as uncommon 
as formerly belicA'cd. The que.stion of the relationship betAA'een actiA'C 
rheumatic infection and subacute bacterial endocarditis is discussed. 
Their simultaneous presence occurs oftener in childi'cn appai'cntly than 
in adults. 

The second case is one in AA’hich auricular fibrillation px'eecded the 
subacute bacterial endocarditis and persisted throughout its course. 
This is contrary to the clinical dictum AA'hich has been considered almost 
axiomatic — that fibrillation spares the patient subacute bacterial endo- 
carditis. The ease also failed to demonstrate a palpable spleen through- 
out the entire course of the illness, even though there Avas clinical evi- 
dence of repeated .splenic infarctions. When the subacute bacterial 
endocarditis Avas first detected in this patient he had a secondary 
polycythemia (7,080,000 red blood cells Avith 110 per cent hemoglobin). 
For fully five months of the illne.ss he suffered a relative, but not an ab- 
solute anemia. The combination of three such rare findings as fibrilla- 
tion, a nonpalpable spleen and a polycythemia in a patient Avith subacute 
bacterial endocarditis is considered Avorth noting. 

In the third case Avhich Avas mi.stakcn at first for perinephritic abscess 
because of intermittent fever and hematuria, autopsy shoAved that the 
patient had bacterial endocarditis and a .splenic infarct Avhich had be- 
come secondarily infected. The absce.ss broke through the diaphragm 
and caused a fatal empyema. The cardiac murmurs, palpable spleen, 
and the subplirenic involA'ement pointed to the correct diagnosis. 

The authors are deeply indebted to Dr, Lsidorc AA', Hold for his inA'aluablc aid 
in the clinical observations of the.=e patients. 
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SUBACUTE BACTEKiAL ENDOCAEDITIS 

Clinicopathological Study op THiBTY-SE\Ti:N Cases® 

J. Russell Brink, M-D.,! and Harry L. .Smith, M.D4 
Rochester, 3Iinn. 

S UBACUTE bacterial endocarditis continues to be one of the most 
dreaded diseases, especially to that group of patients who have a 
mild chronic rheumatic lesion of the heart and ivlio would otherwise 
enjoy several j^ears of fairly good Jiealth. Davis and Weiss"'^ have esti- 
mated that about one of eveiy ten patients having rheumatic heart dis- 
ease vill acquire subacute bacterial endocarditis. Thus, it is po-ssible 
to see what a menace it is to tliis particular group. Thirty-seven cases 
of subacute bacterial endocarditis in which necropsy was performed 
form tlie basis of this report. 

Arjc and Sex . — Tlie decade of greate.st incidence varies in different 
series of eases. Clawson* found about an equal incidence in the third, 
fourth, and fifth decades of life. Davis and Weiss observed that in the 
largest number of their cases the patients had acquired the disease in 
the fifth decade, while Fulton and Levine* found that the disease most 
frequently occurred in the third decade of life. In twelve (32 per cent) 
of the thirty-.seven eases which foim the basis of this report, the pa- 
tients had acquired the di.sea.se in the fourth decade of life, and in the 
remainder of the eases the age of the patients varied ; the youngest pa- 
lient was ten years and the oldest Avas si.xty-seven years of age. 

Rheumatic heart disease is more prevalent among females than it is 
among males. It, therefore, would .seem logical to expect that the inci- 
dence of subacute bacterial endocarditis also would be more prevalent 
among females. This, however, has not been true in other sei'ies of 
eases which have been reported in the literature. Nor Avas it true in the 


Table I 

iNOJDEXCE AcrOBIHNG TO AgE ASI) SkX 


PATIE.VT.S 

AGE, YEAKS | 

MALES 

EEilAEES 

-1 to 0 1 

0 

0 

10 to 19 1 

1 

3 

20 to 29 

4 

3 

30 to .39 I 

9 ‘ 

3 

40 to 49 

4 

2 

50 to .59 i 

2 

0 

00 to 09 

5 

1 

Total 

2 r> 

12 


•From the Mayo Clinic. 

tFoIlow in Mf..<llcine, the .Al.-iyo Foundation. 
iFrom the Section on Cardiology, the Mayo Clinic. 
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series of cases wliieii we iiave observed, as twenty-five of the patients 
were males and twelve were females ; in other words, the ratio of males 
to females was approximatelj^ 2 to 1 (Table I). 

Bacteriology. — -T\\q Streptococcus mitior {Streptococcus viridans) is 
the most common etiologic agent. In twenty-nine eases tiie blood culture 
yielded a grovi^h of Streptococcus mitior; in five cases the blood cul- 
ture did not reveal any growth; and in tlie remaining three cases the 
cultures yielded Diplococcus pneumoniae, type I, Diplococcus pneu- 
moniae, type II, and Proteus ammoniae, respectively. 

Other Laljoratory Data. — The AVassermann reaction on the blood 
serum was positive in four cases, but necropsy in these cases failed to 
disclose any syphilitic lesion of the heart or aorta, on which a subacute 
bacterial endocarditis might have been superimposed. 

The errthroeyte’ count in all cases except three was materially re- 
duced at the time the patients were first examined at the clinic. In 
twenty of the thirtj'-seven cases tlie number of erythrocytes ranged 
between 3,000,000 and 4,000,000 per cubic millimeter of blood. In the 
remainder, except the three cases mentioned previously, the number of 
erythrocytes was less than 3,000,000 per cubic millimeter of blood. The 
number of leueoc.rtes varied from 2,600 to 38,000 per cubic millimeter 
of blood. Leucopenia has been reported frequently, but because most 
of the patients in this series of eases were seen in the later stages of the 
disease, this finding was not noted frequently. In twenty-six of the 
cases the value for the hemoglobin was less than 10 gm. (60 per cent) 
per 100 c.c. of blood. 

The specimens of , urine in all eases contained some albumin, but in 
nine cases no erjdhrocj'tes could be foimd in the urine. 

In eight cases the value for urea was 60 mg. or more per 100 c.c. of 
blood. In four of these cases death was the result of a complicating 
uremia; in those cases values for the urea were 411, 273, 314, and 268 
mg. per 100 c.c. of blood, respectively. The renal function remains 
good in most cases, even though an embolic nephritis is present.^ 

Duration of Symptoms. — The insidious onset of the disease makes it 
difficult for most patients to tell exacts when the illness began. The 
total duration (from onset of symptoms to time of death) of symptoms 
in no case was longer than one year and in thirty cases (80 per cent) 
it was six months or less. 

Embolic Manifestations. — ^Nineteen (51 per cent) patients of this 
group had clinical manifestations of emboli in one or more forms. Fif- 
teen had petechiae of tlie skin, conjunctiva, or mucous membranes of 
the mouth. Five patients had liemiplegia which was the result of cere- 
bral emboli. In seven cases petechial hemorrhages were present in the 
retina. One patient died of an intraperitoneal liemorrliage whicli was 
caused by a rupture of a mycotic aneurysm of the splenic artery. 
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Splenic Enlargement . — The idea is common that the spleen should be 
palpalde in cases of subacute bacterial endocarditis. In tv/enty-four 
cases (61 per cent) the spleen ivas not definitely palpable. In only 
two cases of the entire group was the spleen not enlarged (200 gm. or 
more) at necropsy. The average weight of the spleens -which were not 
palpable was 402 gin., wliile tlie average weight of those which, could be 
palpated was 478 gm. Thus, in most cases the spleen was enlarged 
even though it was not palpahle. Infarcts, recent or ancient, were 
present in the spleen in all eases except one. 

Relationship of Chronic Talvnlifis to Svlbacute Bacterial Endo- 
carditis . — ^In nineteen (51 per cent) of the eases there was a hi.stor>' 
of rheumatic fever. In five of thase eases there was no good patho- 
logical cn-idence of a rheumatic endocarditis. In the remaining group 
of eighteen eases there were seven in -which there was a chronic val- 
vulitis. Twenty-two (60 per cent) of the patients had chronic val- 
vulitis which was indicative of a previous infection. Three had the 
subacute process suxierimposed on calcified aox-tic valves. The agas of 
these three patients were sixty-seven, sixty, and sixty-sfe years, respec- 
tively. The etiology of this calcareous lesion of the aortic vah'es was 
not clear. This leaves twelve eases (32 per cent) in which there v.'a.s 
no pathological endenee of a previous valnilitis on -which the .subacute 
process might have been engrafted. 

Degree of Underlying Valvular Deformity in Relation to Subacute 
Bacterial EndocardAtis. — Sprague* reviewed the post-mortem and clinical 
findings in twenty cases of .subacute bacterial endocarditis in which the 
mitral valve was involved and found that in none of the cases -ivas the 
circumference of the valve less than 8 cm. Clinical examination re- 
vealed that onl 3 ' one patient had mitral stenosis (loud fiist .sound with 
a presystolic murmur) and that all the others had a mitral regurgitation 
(loud .systolic murmur). The degree of rheumatic vahmlar damage in 
forty-sex'en eases of subacute bacterial endocarditis studied by Davis 
and Weiss coiTesponded with that which was found in 474 cases of 
rhexunatic valxTilitis. These authors said that the mild rheumatic 
lesions are not involved more frequentlj- (in percentage) than advanced 
rheumatic lesious since they are much more frequent. In this series of 
cases the miti-al valve was involved by the subacute process in twenty- 
seven cases; in twenty of these cases there -was an underlmng chronic 
valvulitis. The avei-age circumference of the mitral valve in these 
twenty-seven ijases was 10 cm. In only four of these cases was the cir- 
cumference of the mitral valve less than 8 cm., the measurements being 
6.5 cm., 7.0 cm., 7.0 cm., and 6.0 cm., respectively. The electro^^ardio- 
gifiin also gave soim* corrobonitive evidence. An clectrocardiouraTn -veas 
made in thirteen of the eas^;s of mitral .subacute endocarditis and in 
only one of these cases was there a i-ight axi.s deviation (right ven- 
tricular preponderance). Xecrop.sy ir/ this ca.se revealed I mitral 
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valve V'liich measured only 6 cm. in circumference. None of tlie elec- 
trocardiograms revealed an auricular fibrillation, wliicli usually comes 
on after a stenosis of tlie mitral valve has been jirosent for some time. 
It is not important to determine if the mild rheumatic le.sions are in- 
volved more frequently (by percentage) than the stenotic lesions, but 
it is important to realize that subacute bacterial endocarditis shortens 
tlie lives of those who have rlieumatic endocarditis and ivho ivould 
otherwise enjoy several years of fairly good health. 

'Endocardial Involvement. — The idea is somewhat prevalent that in 
eases of subacute bacterial endocarditis the aortic valve is attacked 
more frequently than is the mitral valve. This has not been true in this 
series. Clawson and BelP have also found that the ratio of involve- 
ment of the mitral and aortic valves is about the same in subacute bac- 
terial endocarditis as it is in chronic valvulitis. In this series of eases 
the mitral valve Avas the onlj' one involved in seventeen (46 per cent) 
cases and the aortic Avas the only one inAmlved in ten (27 per cent) 
cases. Both the mitral and aortic Amlves AA^ere attacked in eight (21.6 
per cent) cases; the mitral, aortic and tricuspid A^ah'es Avere iiiA^olved 
in one case; and the mitral and tricuspid valves Avere involved in 
one case. 

The post-mortem appearance of the heart in a typical case Avas as 
folloAA's: The heart Aveighed 390 gm. and AA-as of a pale broAAm color. 
The consistency AA^as normal and the incised surface aa'os the same color 
as the pericardial surface. There AAms not any streaking of the myo- 
cardium. The foramen oA'ale AA'as closed, and there aa'Rs no evidence 
of coronary sclerosis. The mitral AmNe AAms the site of old endothelial 
thickenins: and the chordae tendineae of the mitral A'alve Avere short and 
thick. There AA^ere fresh A^egetations on the cliordae tendineae and along 
the edge of the mitral A'alve; these extended uiiAvard into the anterior 
and medial Avail of the left auricle. These AA^ere pinki.sh, rounded cauli- 
fioAA'er-like groAA-ths. The aortic A^ah-e measured 6 cm., and the mitral 
A'alA^e measured 10 cm. in circumference. 

Weight of the Heart. — The AA'eight of the heart Availed from 222 gm. 
to 800 gin. When compared Avith the computed AA-eights, as determined 
by the normal body Aveight according to the method of Smith,® the 
hearts AA'ere found to be enlarged in all except three cases. As AA^ould 
be expected, the largest hearts Avere found in those cases in Avhicli there 
AA^as an aortic endocarditis. 

SUMMARY 

In this series subacute bacterial endocarditis AA^as more common among 
males than among females. In the majority of cases the patients Avere 
in the third, fourth, and fifth decades of life. Embolic processes AA-ere 
comnion. The spleen Avas almost inAmriablA' enlarged, eA'en though not 
palpable. The Streptococcus mitior Avas the usual etiological agent but 
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it was not tlie oiil.v one. A rheanmtie infection commonly precedes 
subacute bacterial endocarditis. The degree of previous valvular dam- 
age is usiially mild. The mitral valve i.s involved more frequently than 
is any other valve. In no ease was the dui’ation of symptom, s more 
than one year and in SO i)ei- cent of casc.s it wa.s .six month.s or less. 
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THE OCCURRENCE OP AN UPRIGHT T-WAVE IN LEAD IV IN 
A PATIENT WITHOUT OTHER EVIDENCE OP 
HEART DISEASE 

William A. Sodeman, M.D.^' 

New Orleans, La. 

I N CHILDREN an upright T^ is often seen without heart disease and 
alone bears no significance in diagnosis. In the adult, however, it has 
been described as a most significant finding. Statements that observers 
of wide experience^ have never observed this change in the absence of 
‘ ‘significant heart disease ’ ’ justifj’' the report of the f pllowmg case. 

CASE REPORT 

H. 0., aged twenty-six years, a wiiite nurse, presented herself for a routine 
periodic health e-xaniination. There were no complaints and the patient considered 
herself in the best of health. 

Past history revealed the following pertinent points: measles at eight years; 
whooping cough at ten years; and diphtheria at twelve years. The appendix was re- 
moved at the age of eighteen years. There was no history of rheumatic fever. Bright 's 
disease, or sore throats. The venereal lustorj’' Avas negative. Cardiorespiratory 
sjTnptoms IiaA'C never been noted except for a sensation of pressure in the chest, pain 
in the left axilla and a subjective feeling of being unable to catch her breath on one 
occasion a year ago. This sensation passed olf in one hour and has never returned. 
Personal hahits are not remarkable. She smokes rarely, but takes four to six 
caffeine drinks daily. Family history disclosed no hereditary diseases. The mother 
and, father are living and well. Physical examination I'evealed a young white female 
with erect posture and sthenic habitus — ^lieight 65 inches; Aveight 129 pounds. Blood 
pressure Avas 128/78 in both arms; pulse, 82 per minute AAdiile sitting; after exer- 
cise (jumping 20 times on one foot) 110 per minute; after tAvo minutes’ rest 
SO per minute. The thyroid isthmus Avas palpable. The lungs were clear. 

Heart. — No pulsations Avere Ausible. The apex beat Avas palpated in the fifth left 
interspace just inside the midclaA’icular line. No abnormal pulsations were palpated. 
Percussion confirmed palpation. Basal dullness coincided with the manubrium 
sterni. . P„ -was gTeater than A^. The sounds AA-ere otherwise not notoAvorthy. A 
soft bloAving .systolic murmur Avas heard in the pulmonic area doAAm to the third 
left interspace and disappeared in the left lateral position. An occasional premature 
beat Avas heard. The abdomen Avas negative. PeNic and neurological examinations 
disclosed no abnormalities. Extremities were negatiA^e. 

Laboratory Data. — Urine: specific gra\'ity, 1.020; clear; negatiAm for albumin, 
casts and, red blood cells; occasional pus and epithelial cells. Stools Avere negative 
for ova and parasites. Blood shoAved red blood cells, 4.87 million; hemoglobin, 85 

‘Prom the Department of Medicine, School of Medicine, Tulane UniA'ersitA' of 
Louisiana, NeAV Orleans, Louisiana. 
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per cent; white blood cells, 9,000; differential, normal. The Wassermann reaction 
was negative. The basal metabolic rate was -G per cent. Electrocardiogram (Pig. I ) 
showed normal .sinus rlij-thm, T, isoelectric; T, negative; T< upright. X-ray film of 
the chest showed that lung fields were clear. Heart measurements were: tran.svcr.se, 
chest, 2G.3 cm.; transverse, heart, 12.5 cm,; longitudinal, heart, 13.9 cm.; trarnsverse, 
great vessels, 5.4 cm. Fluoroscopy, including that in the oblique position, with 
barium paste, disclosed no deviation of the e.sophagus and no abnormal configuration 
of the heart. 

COMJIENT 

Clinically, a diagno.sis of heait di.sease, or possible heart di.sea.se, was 
impossible in this patient. All phy.sieal findings, the reaction to exer- 


II. 


HI. 


IV. 



Figr. 1. 


cise, as well as the reaction to usual daily activity, indicated no impair- 
ment of function. The usual pathognomonic .signs of organic heart dis- 
ease, such as cardiac enlargement, serious mechanismal disturbances 
(auricular fibrillation, auricular flutter, pul.sus alternans), thrills, fric- 
tion rubs, diastolic munnurs, liver enlargement and other evidences of 


elevated venous pre.s.sure, were absent. No etiological factors such as 
liypertension, arteriosclerosi.s, hypertln-roidi.sm, syphilis, or rheumatic 
fever were demonstrable. There was no preeordial pain of any type. 
Acute rheumatic carditis and bacterial endocarditis, disease.s which may 
be present at tins age witliout jiathognomonic signs of heart disease, were 
obviou-sly not delected. In fact, significant cardiac changes or even sug- 
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gestive changes "vvere absent. Extracardiac disease knovn to affect the 
heart and electrocardiogram transiently, for example, hemorrhage, was 
not present. The patient, to all appearances and tests, is a perfectly 
normal young woman. 

In the past two years the electrocardiogram lias been taken three 
times. The chest leads have been placed accurately by the author in the 
two repetitions according to tlie technique of Wolferth.’^ There is no 
technical fault. The isoelectric T, is usually considered a suggestive 
sign of heart disease, but this finding again has been reported in normal 
individuals and cannot be considered significant. 

Edeiken, Wolferth, and AYood’^ state, “We have not as yet seen an 
upright T4 in an adult in whom we Avere at all confident that ‘there was 
no .significant heart disease’ unless the patient had received digitalis.” 
They criticize the statement of Levine and Levine^ who reported upright 
T^ ill tivo patients Avithout “significant heart disease” but Avith uremia 
and hemorrhage, respectively, both of Avliieh are InioAAm to produce 
T-AA'ave clianges. In the present patient no ImoAAGi cause except the pos- 
sibilitA^ of an old diphtheritic niA'ocardial lesion could be found to ex- 
plain the T4. Three examinations in tAA’o jnars have all disclosed the 
upright T4. That eAudenee of heart disease ma.y appear in the future is 
possible, but in tAVO years’ observation no such findings have developed. 

SUilMARY 

A patient AAdthout demonstrable heart disease or extracardiac disease 
producing T-AvaA'e changes has been knoAAUi to have an upright T4 for 
tAA'O years. While this finding, as the single definite electrocardio- 
graphic abnormality, should be considered higlilj’- important, it appears 
to occur at times in the absence of “significant heart disease.” 
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Heckmann, K.: Graphic Eecording of the Variations in Intensity of the Heart 
Shadow in Mitral Insufficiency Eecorded With a Photoelectric Cell (Actino- 
cardiogram). Klin. Wchn.schr, 15: 028, 1930. 

The author has developed a method of recording the intensity of the shadow 
ca.st by the heart under roentgenogram on the viewing screen by means of a 
photoelectric cell, three-.stage radio ainplifier and oscillograph. This is u.scd as 
an index of volume changes of the heart. In mitral insufficiency he found that 
the cardiac pulsations decreased, and the curve show.s a systolic increase in volume 
(the inverse of normal) followed by a decrease. During diastole, a slight volume 
increase (or no change) was noted followed by a marked auricular decrease. 
The.se changes are caused by the systolic regurgitation of blood from the left 
ventricle into the left auricle and pulmonary vessels. 

L. K. K. 


Diebold, 0., and Mertons, 0.: Central Nervous Eegulation of Cardiac Minnte 
Output During Inhalation of CO, Etch Air. Pdugers Arch. f. d, ges. Physiol 
237: 585, 1935. 

Ihe blood flow in the main or left branch of the pulmonary arterj' was 
measured with a Rein thermostromuhr and from this cardiac minute volume was 
determined, CO, in concentrations of 5 to 12 per cent in the insjjired air de- 
creased the minute output of the heart. This decrease was obtained only when 
the vagi were intact. 

L. N. K. 


Wohlisch, E., and Clamann, H. G.: The Elastic Properties of the Besting Heart, 
Pfliiger-s Arch. f. d. ges. Phy.siol. 237: 590, 1936. 

The author determined tlie curve of ten.sion/length ratios of isolated heart 
mu.scle strips and also the curve of pressTire/x-olume ratios of resting hearts. The 
ratios never gave a .straight line relationship. In comparison to other muscles 
investigated the heart muscle had the least resistance to stretch. 

L. X. K. 


Goldenherg, hL, and Eothherger, C. J.: Action of Veratrin on Purkinje Pihers, 
Pfluger.s Arch. f. d. ge.s. Physiol. 238: 137, 193(1 

.Small do.ees of veratrin cause acceleration and increase in the size of the heat 
of isolated Purkinje fibers obtained from the dog’s heart, and at the same time 
the electrogram, but not the mechanogram, i.s prolonged. Larger doses are the 
cau.‘.e of parc.xy..m.s of tachycardia with pausc.« between. Long after-potentials 

■ re demonstrated to occur m the electrogram (similar to that in nerve and or- 
dinary mu..-cle). 


L. X. K. 
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Weicker, B.: .Adrenalin and Metakolisni of the Warm-Blooded Heart. Arch. 

f. exper. Path. u. Pliarmakol. 181: 525, 1936. 

In the cat's Langendorff heart -with practically normal lactic acid content, 
adrenalin in therapeutic doses caused no change in the phosphoric acid fraction. 
With toxic doses an increase U’as found in the phosphoric acid and hoxosephos- 
phate content (due to the breakdown of phosphagen and adenjdpyrophosphate). 

In the hypodynainie Langendorff heart adrenalin in therapeutic doses caused 
a disappearance of phosphoric acid (and a restitution of its precursors). This 
occurs only in the presence of oxygen and fails to occur when the heart is kept 
under anaerobic conditions. Strophanthin has actions similar to adrenalin. 

L. K K 


Lissak, K., and Hoyos, G.: Loss of Albumin of Working Heart Muscle. Arch. f. 
e^er. Path. u. Pliarmakol. 181: 607, 1936. 

Albumin can be demonstrated by precipitation and anaph 5 ']actic reactions in the 
Ringer perfusate obtained from a frog heart perfused bj" the method of Straub. 
Stimulation of vago-sjmipathetic fibers causes an increase in the albumin in the 
perfusate. 

L. X. K 

Boring, G.: Experimental Production of Left Ventricular Hypertrophy by Injec- 
tions of Ephedrine-Ephetonin. Beitr. z. path. Anat. u. z. allg. Path. 96: 309, 
1936. 

In rabbits, subcutaneous injections of ephedriiie or cphetonin (0.05 mg. per 
day) for several months cause chronic hypertension. This led, after 69 to 107 
daj^'s, to left ventricular hj^iertrophy in 5 animals, • this is accompanied by a right 
ventricular hj’pertrophy due to stasis in the pulmonary circuit. In acute hj-per- 
tensions left-sided dilatation could be shown. In 4 animals kept on this regime 
for 135 to 164 days, no hypertrophy could be demonstrated. This was due to the 
disappearance of the hj-pertcnsion after the one-hundredth day. This suggests 
that hjTiertrophy is a reversible process. (This idea requires further confirma- 
tion.) ’ 

L. X. Iv. 

Henze, C.: The Pressor Receptor Fibers in the Vagus. Arch, internat. de 
pharmacodyn. et de therap. 53: 44, 1936. 

Polloiving section of the \'agi, a rise in blood pressuze can occur in an animal 
the carotid sinuses and aortic roots have been denervated premousl^. 
This is interpreted as indicating pressor fibers coming from the heart itself. The 
pulmonarj' pressure did not change under these circumstances. 

L. X. K. 

Sylla, A;: Slowing of the Heart With Deep Inspiration. IClizi. Wchnschr. 15: SI 9, 
1936. 

In 1,000 students slowing of the heart was found in inspiration and in iiispiratory 
arrest. It occurred in abdominal breathing but often failed to appear nith ex- 
aggerated costal breathing when the diaphragm did not mo\ e much. In certain 
tachycardias a similar slowing was found when the diaphragm was deeply de- 
pressed during inspiration, 

L, X. Iv. 
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Alam, M., and Smirk, P. H.: Observations in Man Upon a Blood Ppessure Eaising 

Reflex Arising Prom the Voluntary Muscles. J. Physiol. 89; ^12, 19.87. 

A blood pressure raising reflex can be demonstrated in normal .subjects by a 
simple clinical method in irhicli a .st-mdard exercise test is used. In these experi- 
ments one extremity, usually an arm, is u.sed in performing the te.st. Increases in 
systolic blood pressure from 5 to 8.1 mm. of mercury occur during the exercise 
test. The increase in the dia.stolic pressure i.s u.sually less than the increase in 
the systolic pressure. Various experiments indicate that the ri.se in blood pre.ssure 
is caused bj' substances liberated during the muscular work .and is not dependent 
upon the method of arresting the circulation, nor does it occur as the result of 
pain or mental elTort. It seems that this reflex is designed so that the \'Oluntary 
muscles as the}' become fatigued may call upon the central nervous system to 
regulate the supply of blood in their favor. 

E. A. H. 

Cossio, P., Bel Castillo, E. B., and Berconsky, I. ; Investigation of Blood Velocity 

After Exercise. Eev. argent, de cardiol. 3: 409, 1937. 

Both the circulation time of the blood (intravenous injection of 20 per cent 
“deeholine”) and the heart rate, before and after exercise (.30 flexion move- 
ments of the legs in one minute), were investigated in 82 persons lying in a 
recumbent position: 10 entirely healthy people, 7 suffering from severe impair- 
ments other than cardiac disease (cancer of the stomach, leucemia, etc.), 0 with 
hj'pcrthyroidi.sm, and 09 with structural alterations of the heart. The magnitude 
of the reduction in the circulation time after exercise has been considered to be 
an index of the so-called reserve power of the heart, under the assumption that 
the heart output is the fundamental factor governing the speed of the blood flow. 

In the group of 10 healthy people, the decrease in the circulation time varied 
from 0 to 17 per cent in three sedentary persons, and from 29.9 to 40.1 per cent 
(average 31.8 p. c.) in active individuals, .some of them devoting much of their 
time to athletic activities. There was no relation between the decrease of circu- 
lation time and the increase in heart rate. 

In the group of severely ill people without cardiac involvement, the reduction 
in the circulation time after exercise varied from 5 to 1.5 per cent (except in 
one case in which the reduction reached 23 p. c.). The heart rate increased from 
20 to 75 per cent but with no relation to the decreased circulation time. 

In the h}-perthyroidism group, while 4 patients showed a decreased circulation 
time, the reduction varying from O.G to 20 per cent, in two cases a prolongation 
of the time was found, a t} 7 ie of reaction which we qualified as paradoxical. 

Among the group of cardiac patients, in 7 the decrease in circulation time 
amounted to at least 27 x>cr cent; in another 30 it was less than 25 per cent; 
in 7 there was no appreciable change, and in the remaining 15 patients a 
paradoxical reaction was observed. To explain the latter, an increased initial 
tension of the cardiac fiber beyond the critical value has been assumed. 

AuTiiom 

Korth, C., and Schrumpf, W,: Reciprocal Rhsrthm. Deutsches Arch. f. klin, Med, 

178: 589, 1930. 

A case of sinoauricular block is described in which the electrocardiogram showed 
coupled beats which are attributed by the author to reciprocal rlij-thm. In each pair 
of beats, 11 h! first is from the A-X node. It is conducted back to the auricle later 
limn to the ventricle, and this auricular impulse then returns to restirnulate the 
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ventricles. The conditions for reciprocal beating are fultilled in the case described, 
viz. : (a) undisturbed action of an automatic A-V rhj'thm at a .slow rate at the lower 

end of tile node and (b) retrograde conduction. 

L. N. K. 

Hecbt, H.: Precordial Leads in Clinical Electrocardiograms. Deutsches Arch. f. 
klin. Med. 179: 1, 193C. 

The author used two precordial regions for the exploring electrode (third inter- 
space to the right of the sternum and the sixth interspace over the apex), his fixed 
electrode being the null point electrode of Wilson. The contour of the records in 
200 normal and cardiac patients is described. In left preponderance a flattening 
of T was found in the apical lead; in right preponderance a reversal of all the 
complexes was found in the basal lead. Tliis permitted liim to distinguish between 
axis shift and preponderance. The value of these leads in flutter and fibrillation of 
the auricles is emphasized, and they show changes in S-T and T-waves early in ab- 
normal hearts. 

L. K K. 


SpUhler, O.: Adams-Stokes Syndrome. Ztschr. f. klin. Med. 129: 693, 1936. 

The author finds that Adams-Stokes syndrome is caused as often by transient 
ventricular fibrillation as by standstill of the heart. 

L. K K. 


Marzahn, H.: Electrocardiographic Studies During Work. Ztschr. f. klin. Med. 

130: 135, 1936. 

Wlien work caused an acceleration of the heart to 200 beats per minute, the author 
found that the QRS span was shortened by 0.01 second. Extrasystoles tended to 
appear, but extrasystoles present at rest tended to disappear. No difference was 
noted in the appearance, disappearance, and magnitude of the cardiac acceleration 
between normal and cardiac patients. An acceleration was found following exercise 
in patients with complete heart-block. 

L. N. K. 

Comeau, Wilfrid J.: Paroxysmal Complete Heart Block Alternating With Normal 

Ehythm and Conduction. Am. J. if. Sc. ISl: 43, 1937. 

The literature of recurrent complete heart-block alternating with normal conduc- 
tion and accompanied by Adams-Stokes syndrome has been examined criticaIl3^ Of 
20 potential cases discovered in the literature, 12 have been accepted as complying 
with the criteria established. The important clinical, pathological, and electro- 
cardiographic data of these cases have been summarized. 

A case, a woman aged seventy-eight, with Adams-Stokes s.vndrome, is presented 
in which, as shown by electrocardiographic evidence, complete heart-block alternated 
with normal rln-thm and conduction. The results with atropine demonstrated that 
the changes probably occurred independent of anj' vagus effect. This case ultimately 
developed a clifonic complete block with the spontaneous disappearance of the 
syncopal attacks. 

The form of the transition from one degree of conduction to another, as shown by 
graphic tracings, is summarized. 

The practical diagnostic and therapeutic considerations of this condition are ern- 
phasized. 
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The pathogenesis of paroxysmal complete heart-block is discussed. It is prob- 
able that the majority of cases arc on an arteriosclerotic basis and that either a 
fibrocaleareous mass or fibrosis due to coronary sclerosis jjartially damages the 
bundle of His. The fluctuating character of the conduction in these cases is prob- 
ably determined by temporary variations in the local circulation to the remaining 
intact fibers. 

AuTHOf’.. 

Grosse-Brockhoff, P., and Strotmann, A.: The Time Belation Between Mechanical 

Systole and the Electrocardiogram. Ztschr. f. d. ge.s. exper. Itled. 98: 227, 1930. 

The volume curves and optical carotid artery pressure curves were recorded in 
anesthetized rabbit.s, simultancou-sly with Lc.ad I of the electrocardiogram. No con- 
stant relation was found between the end of the I’-wavc and the end of the mechanical 
systole. It was found that the Q-T interval is not equal to the duration of the 
mechanical systole, and the ratio l>etween tlic two is inconstant. One cannot .judge 
the duration, let alone the power of svstolc from the electrocardiogram. 

L. N. K. 

Heim, P.: Conduction Disturbances in Human Heart. Ztschr. f. d. ges. exper. 

Med. 98: 551, 1930. 

The relation of the P-E interval to the duration of the cycle is determined and 
shown to give a smooth curve. It is shown that the P-R interval does not lengthen 
a.s much as anticipated following interpolated auricular extrasystolcs, pre.sumably 
because the refractory period is .shortened as the heart rate accelerates. The 
tVenckebach phenomenon in the digitalized heart with A-V block is attributed to 
IJrogressive lengthening of the refractory period from beat to beat until a ventricular 
beat is dropped and the refractory phase is .shortened again. 

L, N, K. 


Zdrday, I. V.: Electrocardiographic Studies of the Auricles. Ztschr. f. d, ges. 

exper. liled. 98: CG2, 1939. 

The author u.'-ed unipolar chest leads and could di.stinguish the action of each 
of the auricles. He demonstrated an sisynchrony of 0,01 to 0.0.9 second between 
the onset of electrical activity in the two auricles. T/cads I and III, according to the 
author, give only the P-wave of the left auricle, while the P-wave in Ivcad II is 
a summation of the activity of the two auricles. Splintering of Pj is due to inter- 
auricular block, and this block is the cause for a ditTerenec in the P-R interv.al 
in Leads I and IL (The interesting ob.scrvalions need confirmation.; 

L. X. K. 

Lewis, Thomas: Auricular Pluttcr Continuing for Twenty-Pour Years, Brit. 

J. 1: 1248, 1937. 

The case is of exceptional interest for three reasons. First, the auricles seem to 
have fluttered without ce.ssation for twenty-four (if not twenty-.sev'en) y'car.s. 
tjecondly, although the ventricle during the greater part of the period has been 
driven at very cxe<,ssive rate.s, the efficiency of the hiairt has not been impaired by its 
increased energy expenditure. Thirdly, the rate of auricular beating has fallen about 
89 beats per minute. This fall might be attributed to lengthening of the circular 
path around whiifli the wave travehs, or more probably to its slower speed of move- 
ment. It would be interesting to know if lowering of rate is usual in auricular 
flutter as age greatly advances. 


Auritoi;. 
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Arieflf, M. J., Wituschinsky, W. J., and. Eakinerson, A. B.: The Collateral Circula- 
tion of the Heart in Syphilitic Meso-aortitic Closure of the Mouths of the 

Coronary Arteries and in Adhesive Mediastinopericarditis. Ztsclir. f. klin. 

Med. 130: 153, 1936. 

Collateral ves-sels in the heart come either from enlargement of vessels already 
present or from the development of new vessels. In syphilitic closure of the coronary 
vessel mouths, the collaterals between the right and left coronary arteries form the 
new vessels. In mediastinopericarditis, the new vessels come from anastomoses with 
extfacar-liae vessels, chiefly those of the lung and diaphragm. 

L. N. K. 

Hafkeshring, Eleanor M., Drawe, Catherine E., and Ashman, Richard: I. Measure- 
ments for One Hundred Normal Children, Am. J. Dis. Child. 53: 1457, 1937. 

To establish trustworthy criteria for the normal electrocardioginm of the cliild, 
electrocardiograms of 100 normal children were selected and the heights of the in- 
dividual deflections in each lead as well as the time relations of the various intervals 
and phases of the cardiac cycle were carefully measured. 

The duration of the P-Avave Avas found to average 0.062 second. The upper limit 
we AA'ould consider to be 0.09 second or perhaps 0.085 second, since a P-AA'aA'e 
measuring 0.09 was found in only 1 case. 

Since the height of the P-Avave in Lead I Avas slightly higher than the average 
for the normal adult, the upper limit should be placed at about 1.5 mm. or a little 
loAA-er. . A P^ measuring OA-er 2.5 mm. should be considered above the normal. 

A diphasic or slightly inverted P. is occasionally found in the electrocardiogram 
of a normal child. 

Slight and questionable notching of the P-AA'aA'e is occasionally seen, but no definite 
or conspicuous notching of the P-A\’aA’e is found in the electrocardiogram of a 
normal child. 

The aA'erage P-B for our series aa’us 0.132 second, and there AA’as no significant dif- 
ference according to sex. We found that the P-B interval tended to increase 
Avith increasing age and to decrease with increasing heart rate. We believe that 
instead of setting one definite figure for the upper limit of normal for children’s 
electrocardiograms it Avould be a better plan, if sufficient data Avere aA'ailable, to 
secure a statistically significant average for each age and heart rate and to construct 
a table giA'ing the upper limits of the P-B at the various ages and heart rates. If 
a more reliable approximation of the size of the heart Avere available (perhaps the 
surface area, as suggested by Ivissane), this could be used in the table instead of 
the age. 

The aA’erage duration of the QBS group aaus 0.065 second. The QBS shoAA'ed an 
increase in duration Avith the increase in age. We agree Avith other authors in placing 
the upper limit for duration of the QBS for children at 0.09 second, or at less for 
young children and infants. QBS of low voltage Avas found in only 1 of 100 electro- 
cardiograms of normal children. There is no great difference betAA-een the heights of 
the B-AA'ave for children and those for the B-AvaA-e of adults. We found the average 
to be slightly higher for children. Other authors have found it much higher and 
others loAVcr. 

Slight slurring of the deflections of the QBS may be found, frequently of the 
B-AvaA-e in Lead II, but definite or conspicuous slurring is almost never found in 
an electrocardiogram of a normal cliild. 

The electrical, axis in all but 3 cases lay betAveen 20 and 104 degrees, ranging from 
a slight left axis deviation to a slight right axis deviation. 

\ Slight shifting of the BS-T segment, especially upAvard, is occasionally seen in a 
, normal child’s electrocardiogram. 
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The T'wa%-es consistently averaged higlier for tlie boys than for tlie girls, even 
when the data were separated according to the various age groups. We liave no 
explanation of tliis difference. It will be seen in Part II that tliis difference ac- 
cording to sex is also found in the electroeardiogram.s of children with heart disease. 

T, frequently inverted or diphasic in the electrocardiogram of the normal child. 

Low T-waves were found in onlj' 1 case, and the normality of thi.s picture should 
be doubted, since T. was slightly diphasic. No notched T-waves were found- 

Like many previous investigators, we found the Q-T to vary with the heart rate, 
but we found no difference according to .sex, .such as is found in the electrocardio- 
grams of adults. 

Premature beats are rare in children with normal hearts. 

Author. 


Drawe, Catherine E., Hafkesbring, Eleanor M., and Ashman, Eichard: IL The 
Changes in Children’s Electrocardiograms Produced by Eheumatic and Con- 
genital Heart Disease. Am. .J. Dis. Child. 53: 1470, 1937. 


The electrocardiograms of 100 children with rheumatic heart disease and of 50 
children with congenital heart defect were carefully measured (the heights of the 
individual deflections and the various inter%-als of the cardiac cj'clc), and the 
averages for the different intervals were compared with those found in the electro- 
cardiograms of the normal group (I’art I;. 

The Eheumatic Group. — Tlie principal abnormalitie.s of the P-wavc in the electro- 
cardiograms of children with rheumatic heart disease are definite and con.spicuous 
notching, widening, and slight increa.se in height. 

The P-K interval i.s definitely prolonged in a large percentage of case.s of rheumatic 
heart disease. 

The abnormalities of the QES complex arc relatively slight, consisting of a small 
increase in duration and occasional notching or slurring of the indirddual waves. 

Only a slight tendency to right axis deviation was shown in the electrocardiograms 
of children with mitral .steno.sis and insufficiency. Tliis was probably due to the fact 
that in most of our cases the condition was not far advanced. The children with 
aortic regurgitation showed a definite tendency to left axis deviation. 

The incidence of shifts of the KS-T segment is increased, but not so markedly 
as had been reported elsewhere. However, we were unable to follow our patients 
closely and to make additional electroeardiogram.s during the course of the rheumatic 
fever. 


Abnormalities of the T-waves were found in 10 per cent of the cases. These 
ahnormalitio.? consisted of low T-waves in all leads (below 1 mrn.>, diphasic T-waves 
in I>ead I, and low, rounded, notched, and in%’erted T-waves in Lead IL 

The Q-T interval is often definitely prolonged in cases of rheumatic heart disease. 


As with the normal children, the incidence of premature beats is low. 

Not all children with rheumatic Jiejirt disease have abnormal electrocardiograms. 


Lven though the electrocardiogram of a child is not definitely abnormal the pres- 
ence of any one of the aforementioned abnormalities .should suggest the possibility 
of rheumatic heart disea.'^e. 


The Group 'With Congenita] Defect. — The outstanding abnormalities of the 
P-v.ave were an incr«ise in the widtit and in the height, and these were found chiefly 
in the electrocardiograms of children with pulmonary stenosis and tetralogy of 
I allot and to a le-ser degree in (ho;-e of children with interventricular septal defect, 
Tl-.e notching of the P-ivave was not Iwyond normal limits. 

The I'-i; interval was approxitnatcly the same sts it was in the electrocardiograms 
of the rioriaal group, but it may }« considered to have been slightly prolonged 
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on the average, since the children’s mean age was a few years younger in the group 
with congenital heart defect than in the normal group. 

; The average duration of the QES in the electrocardiograms of children with con- 
genital heart defect was longer than that in the electrocardiograms of normal chil- 
dren, even though the children were younger. This increase in duration was due 
mainly to the influence of the children with pulmonary stenosis. 

Notching and slurring of the QES occurred frequentlj' in the electrocardiograms 
of children with pulmonary stenosis, occasionally in those of children with inter- 
ventricular septal defect and rarelj' in those of children with patent ductus arteriosus. 

, All the electrocardiograms of children with pulmonary stenosis showed extreme, 
conspicuous or definite right axis deviation, ranging from 99 to 179 degrees, and in 
1 case, not included when the average was computed, the deviation was 125 degrees. 

The T-waves averaged considerably liigher than those in the electrocardiogi’ams of 
the normal gi'oup. As with the normal children, the boys’ T-waves averaged higher 
than those of the girls. 

Abnormalities of the T-waves are occasionallj' found, consisting of inversions of 
T„ and deep inversions of T,. 

The Q-T interval was slightlj- prolonged in a few instances. 

Author. 

Gross, Louis, and Silverman, Gertrude: The Aortic Commissural Lesion in 

Rheumatic Fever. Am. J. Path. 13: 389, 1937. 

There has been described in this report the findings in 70 cases of rheumatic 
fever segregated into six gi-oups according to the clinical course taken by the disease. 
It is shown that a number of inflammatory changes are found in the aortic root, 
wedge, annulus, ring, subaortic angle, and pericardial mantle which are character- 
istic of rheumatic fever and, to some extent, reflect the clinical course of the disease. 
Even when healing takes place the histological characteristics of the commissural 
lesion afilord additional stigmata wliich are of value in discerning a past rheumatic 
process.. A discussion is given of the pathogenesis of this lesion from wliich it 
appears that even though the original infection may reacii tlie aortic ring through 
several routes, in most instances the inflammatory granulation tissue passes from 
the pericardial mantle through the aortic root, wedge, and annulus to reach the 
aortic rings. The latter show a much more flagrant inflammatory process which 
spreads into the valve leaflets and, probably with the additional factor of trauma 
caused by the systolic and diastolic movements of the cusps, eventually leads to their 
agglutination. The possible significance of these findings in relation to the 
pathogene.«is of the so-called congenital bicuspid aortic valve is indicated. A descrip- 
tion is also given of the histological and topographical changes taking place during 
the different age periods in the normal aortic commissural region. 

Author. 

Hess, L.: Pathology of Syphilitic Aortitis. Klin. Wchnschr. 15: 898, 1936. 

In this presentation the author shows that 62 per cent of the cases of sypliilitic 
aortitis had a heredity of vascular disability, wliich is much higher than in a control 
series. He considers this of significance in the occurrence of vascular involvement in 
syphilis. 

L. N. K. 

Porter, R. E., and Gordon, Wm. H.: The Size of the Heart in Pulmonary Tuhercu- - 

losis. Am. Eev. Tuberc. 36: 82, 1937. 

A study was made of the teleoroentgenograms of 400 patients ha\-ing pulmonary 
tuberculosis. 
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TJieir ages ranged from eighteen to sixty-seven years. 

Tlic study included all clinical types of pulmonary tuberculosis. 

A comparison was made between tlie measured transverse diameter of the Jieart 
and the predicted trarnsverse diameter. 

Of the 400 patients, 20.3 (50.5 per cent) had a measured transverse diameter 
greater than the predicted diameter, 105 (41.5 per cent) had a measured transverse 
diameter of less than the predicted diameter and .32 (8 per cent) had a measured 
transverse diameter equal to tlie predicted diameter. 

As is shown in Table 2, in a study of the x-ray films of the 54 patients that died, 
there was very little difference noticed as comjiared with tlie general average. 

AUTIIOK. 

Leubner, H.: Rare Cancers of Blood Vessel Endothelium. Frankfurt. Ztschr. 

f. Path. 49; 03, 1930. 

A case of hemangioendotheliomatosis of the liver, .spleen, and skin in a twenty-six- 
year-old man is described which is interjireted as a primary multiple cancerous 
growth. A second case of diffuse lymphangioendothelioma in an eighteen-ycar-old 
boy is reported. This caused elephantiasi.** of tlie genitalia, abdominal wall, and 
both e.xtremities. This was also found to be cancerous on histological examination. 

L. N, K. 


Radasch, H. E.: Glomal Tumors. Arch. Path. 23: 015, 1937. 

Ninety glomal tumors have been reported to date. They have a wide anatomical 
distribution. Once classed as angiomata, they are now known to result from hyper- 
plasia of an arteriovenous ana.stomosi.s (digital glomus). The normal glomus 
is a distinct structural unit or organ consisting of an afferent arteriole, a Sucquel- 
Hover canal, a primary collecting vein, intraglomar reticulum, and ii capsular 
portion. 

The article deals largelj' with anatomical and patliological structure, but quotes 
articles in wliich phj'siological deductions are made. For instance, the normal glomus 
may play an important part in the regulations of periplieral blood flow, of Idood 
pressure, and of temperature regulation by heat loss. 

Glomal tumor is tjqiically attended by c.\qui.=ito tcndeme.ss over the tumor and by 
considerable pain over a wide area surrounding the tumor. Excision is the only 
treatment, and is universally effective. 

H. M. 


Ecneke, R. ; Intimal Fibrosis (Endarteriitis obliterans) as a Sequel to Local Flow 
Anomalies. Ztschr. f. Kreislaufforsch. 29: 140, 1937. 


The argument is pre.‘‘ented that intimal fibrosis results from abnormalities in 
flow at the site of fibrosis. 


L. N. K. 


Baker, A. B.: Structure of the Small Cerebral Arteries and Their Changes With 
Age. Am. .1. Path. 13: 453, 1937. 

Ibis investigation was made liecause there are few reports on the structure 
of normal cerebral vessels. Quoting from the “Conclusions”: 'I'lie average 
smull cerebral artery differs in structure from similar sized vessels elscwlicre in the 
body in that it contains within its media a relative paucity of both elastic and 


SELECTED ABSTRACTS 


379 


muscle tissue and a predominance of collagenous fibers. The very small cerebral 
arteries are composed almost strictly of collagenous tissue and may appear as a 
cerebral fibrosis. Witli the advance of age the elastica interna of the cerebral arteries 
becomes reduplicated and frequently loses its normal tinctorial properties. The media 
undergoes a rapid fibrosis. It frequently shows a hyalinization and more rarely a 
calcification, of all of its elements. 

H. M. 

Schretzenmayr, A.; The Role of the Medium and Large Arteries in Regulating the 
Circulation. Klin. IVchnschr. 15: 625, 670, 1936. 

The author's studies with arterial oncometry show that the medium and large 
vessels play an important role in regulating the circulation. (This is not convincing.) 
These studies also show that sclerosis of the large vessels noticeablj* alters the work 
of the heart. 

L. IST. K. 

Gehert, W.: Capillary Function and Menstruation. E3in. Wchnschr. 15: 828, 1936. 

The latent period in developing dermographia was determined at various times 
in the menstrual cycle. Preceding menstruation, the latent period at first decreases 
and then increases until menstruation begins, after which it decreases rapidly to 
normal. 

L. K. K. 


Rohoz, P.: Capillary Function Tests. Klin. Wchnschr. 15: 968, 1936. 

The velocity of skin capillary flow is determined under the microscope (1) 
at room temperature and (2) after immersion in water at a temperature of 50® C. for 
ten minutes. The usual effect of heat is to make the flow so rapid that the move- 
ment of the red blood cells cannot be measured. In certain instances, however, 
the heat causes stasis. 

L. K. K. 

De Takats, Geza, Hick, Ford K., and Coulter, John S.-: Intermittent Venous 

Hyperemia in the Treatment of Peripheral Vascular Disease. .1. A. AI. A. 108: 

1951, 1937. 

The authors present a method of comparing the peripheral vascular effects of 
intermittent venous hj’peremia and of intermittent suction and pressure by means 
of Oscillometer curves and venous oxygen determinations. They state that “the 
paucity of data does not permit conclusions j " also that “certain variable factors 
make comparable controls very difScult. “ 

H. M. 

Schneyer, K.: Observations on the Peripheral Circulation by Experimental 

Aortic Instifficiency. Arch. f. exper. Path. u. Pharmakol. 181: 481, 1936. 

Alicroscopic examination of the rabbit’s mesentery showed a vasoconstriction 
follo^ving production of aortic insufficiency by valve destruction. This vasoconstric- 
tion does not occur when the four blood pressure regulator nerves (the carotid sinus 
and aortic nerves) are sectioned. Ko capillary pulse was observed in the rabbit 
following production of aortic insufficiency but exaggeration of the pulsatory move- 
ment in the larger arteries was noted in the microscopic field. 


L. Is • K. 
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Wezler, K., and Standi, B.: The Normal Age Curve of Pulse Wave Velocity in 
Elastic and Muscular Arteries of Man. Ztsehr. f. Biol. 97: 2G5, 1!)3G. 

The curves of the pulse wave velocities for the aorta and of the arterie.s of the 
arm and leg at various ages are given. These are related to the chan{|es in elasticity 
of these vessels. Tiie earlier age at which acceleration of the pulse wave velocity 
occurs in the leg as compared to that in the arm indicates earlier sclerosis of the 
vessels in the leg. 

L. N. K. 

Gross, D.: The Clinicostatic Eespiratory Signs in Decompensated Cardiac 
Patients. Ztsehr. f. KreislaulTorsch. 29: 113, 1937. 

The influence of the recumbent position on vital cajjacity and breath holding was 
determined in twenty individuals without heart disease and twenty with cardiac 
di.^case and various degrees of congestive heart failure. These values were determined 
in the reclining and sitting positions. In well persons little or no change on vital 
capacity or breath holding was found. In cardiac patients a noticeable reduction of 
vital capacity and breath holding was found. This is used as a clinico.static index 
of heart function. (An examination of tables .shows that the effect of po.sture, by and 
hirge, is proportional to the reduction below normal of the vital capacity and breath 
holding.) 

L. N. K. 

Lucas, M.: Air Emboli in Coronary Arteries Following Artificial Pneumothorax 
in a Thirty-Year-Old Patient, Beitr. z. Klin. d. Tuberk. 88: 223, 193G. 

In refilling an old left-sided pneumothorax a pulmonary vein was entered and a 
fatal air embolism resulted. In addition to air emboli in the cerebral vessels a 
massive air embolus of the left coronarr- artery was demonstrated postmortem. There 
were hemorrhagic areas of necrosis in the wall of the left ventricle. Death in this 
case was preceded by tachycardia and unconsciousness. 

L. N. K. 

Eadnai, P., and Mosonyi, L.: Venous Air EmbolL Ztsehr. f. d. ges. exper. Med. 
98: 755, 1930. 

In acute air embolism of venous origin air can be demonstrated in the left 
side of the animal's heart both by roentgen ray and postmortem. The results of 
air injection as far as death is conemmed are not predictable. Electrocardiographic 
changes arc found indicating disturbances in coronary circulation. The.se are 
reversible in animals that survive. ** 

L. N. K. 

Blalock, Alfred, Eohinson, C. S., Cunningham, E. S., and Gray, Mary E,: Experi- 
mental Studies on Lymphatic Blockage, Arch. Surg. 34: 1049, 1937. 

Complete blockage of the lymphatic .‘jystem has never been produced experi- 
mentally. The explanation of this fact must lie in the capacity for the development 
of a collateral circulation. Experiments have been performed on 52 dogs and 22 
cats in which an attempt wa.s made to produce a complete blockage of the lymphatic.? 
by various procedures which included ligation and the injection of sclerosing agents 
into the lymphatics. In three of the animals, complete lymphatic blockage was 
produced. This resulted in an almo.=t complete di.sappearance of the lympliocytes and 
eosinophiles from the blood stream. The anim.als lo.sf weight and were killed when 
it Isecatno apparent that they were going to die. Examination at autop.<;y revealed 
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the IjTnphatics of the abdominal organs to be markedly distended and there was 
extravasation of chyle into many of the tissues. No Ijanphaticovenous communica- 
tions could be determined. In the other animals, the lymphatic obstruction was 
temporai'y. In these animals, a similar but temporary change was noted in the 
blood picture. 

E. A. H. 

Lazarovits, L.: Aortic Pain and X-ray Irradiation. Wien. klin. Wchnschr. 49: 

755, 1936. 

The author used x-ray irradiation in 27 cases of pain due to sj^philitic aortitis. 
He used 50 per cent of the er j-thema dose and radiated both from the front and 
back; as many as 10 treatments were used. In 11 of these patients a lasting and 
definite rebef of pain was found. Patients having angina pectoris were not relieved. 

L. N. K. 

Gold, Harry, Kwit, Nathaniel T., and Otto, Harold: The Xanthines (Theobromine 

and Aminophylline) in the Treatment of Cardiac Pain. J. A. M. A. 108: 2173, 

1937. 

The effect of theobromine and aminophylline on cardiac pain was studied in a 
group of 100 ambulant patients with angina pectoris. 

These patients were selected on the basis of proof of organic heart disease, cardiac 
pain on effort, little or no phy.sical work, and faithful cooperation. 

AlU attempt to include only patients who could distinguish relief afforded by 
glyceryl trinitrate from relief by a soluble placebo tablet taken in the same way 
during an attack of pain was abandoned, because a fairly large number of patients 
with cardiac pain were found who could not distinguish between the two. This is due 
to the transient character of effort pain in a large proportion of the patients. 

The eft'ect studied was the influence on the severity and frequency of attacks and 
on the capacity for effort without pain, not relief during attacks of pain. 

The data consisted of the patients’ judgments regarding changes in pain. These 
data were secured in a manner relatively free of bias by the use of the ‘ ‘ blind test. ’ ’ 

In all, 209 courses of treatment with the xanthines were given, each course being 
alternated with a course in which a placebo (or some other agent) was used. 

The doses of the xanthines were from 15 to 60 grains daily of theobromine, and 
from 9 to 12 grains daily of aminophylline. 

Changes in the amount of pain were charted. Cause and effect were established 
by a method relatively free of personal judgments ; namely, by comparing sections 
of the chart representing periods in which a placebo of lactose (or some other 
agent) was taken with those in which a xanthine was administered. 

The xanthines were without appreciable influence on the blood pressure. 

Every type of change in pain observed during the use of a xanthine was repro- 
duced in the same individual by a period in which a placebo was used. 

The results show, therefore, that patients Avith cardiac pain are unable to dis- 
tinguish the effects of a placebo from those of a xanthine when measures are 
taken to preclude the identification of the agent by any means other than the rebef 
of pain. It is concluded that the xanthines exert no specific action which is useful 
in the routine treatment of cardiac pain. 

Author. 

Bernhardt, H.: Effect of Cortical Hormone and Vitamin C on Circulatory Collapse 

of Diphtheritic Origin. Deutsche med. Wchnschr. 62: 1123, 1936. 

. The author has used, in malignant diphtheria, intravenous injections of 10 c.c. of 
an adrenal cortical hormone, 2 c.c. of Vitamin C preparation, 20 c.c. of 10 per cent 
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glucose and 5 to 10 c.c. of XaCl. He found the results very satisfactory and ob- 
tained relief of the symptoms of circulatorj' colltipse. The procedure should be 
used immediately when signs appear. Small repeated doses are better than a single 
large one. This medication works better than camphor, cardiazol, or coramin. 
Digitalis is counterindicated in the condition. 

L. K K. 

Kiilbs, F.: The Clinical Significance of Heart Enlargement, hied. Ivlin. 32: 522, 
19.3(5. 

Eegulation of patients’ activities and .small doses of digitalis permit long life 
in patients with auricular fibrillation and large hearts. When congestive failure 
is present, intensive medication with digitalis and strophanthus is indicated. 

L. H. K. 

Klsch, F.: Therapy in and Criteria for Judging Effect in Intermittent Claudica- 
tion. Wien klin, Wchnschr. 49: 712, 19,30. 

The author used an exercise test to determine efficacy of tre.atment. This consisted 
in determining the number of flexions of the limb at the knee which cause pain when 
the patient is Ijdng flat in bed. Both nitroglycerine and cuphyllin cause an increa.se 
in the exorcise tolerance in patients -with intermittent claudication; in some instances, 
in fact, pain could not be elicited after therapy. The author has used prolonged 
medication with nitroglycerine and euphyllin — the former under the tongue, and the 
latter intnivenously or as a suppository — in ten patients with intermittent claudica- 
tion. M.arked improvement was ob.served in five of these patients in the course of a 
year, the improvement was slight in two others and absent in the remaining three. 

L. N. K. 


Weiss, Soma: Vagal Reflex Irritability and the Treatment of Paroxysmal 

Auricular Tachycardia With Ipecac. Am. J. Kf, .Sc. 194: 53, 1937. 

Ipecac is a useful agent in the treatment of paroxysmal auricular tachycardia. 

Ill 11 eases attacks were relieved following the oral administration of doses 
of from 4 to 32 c.c. (1 to 8 drams) of .syrup of ijiecac. 

The pharmacologic principle underlying this rnelhod of treatment and the con- 
siderations to be ob.'crved in its application are described. 

Tlic relation of the pliysiologic state of tiie autonomic nervous sy.stcm, and 
particularly of the sensory-vagal reflc.xe.s, to the effective treatment of paroxysmal 
auricular tachycardia is discussed. The more powerful the vagal stimulus .applied 
and the more increased the tonus of the specific reflex, the greater is the probability 
of therapeutic sucne.ss. 

The pronounced variations in the tonus and in the irritabilitj' of the various 
cardiac inhibitory reflexes arc tiie basic causes underlying the variability of cfTcctive- 
ne.ss of measures u.sed in the treatment of paroxysmal auricular tachycardia. 

Authoi:. 
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FACTORS AFFECTING VASCULAR TONE'^ 

Walter B. Caknon, M.D, 

Boston, IMass. 

^^HE honor of giving the first of the George E. Brown Memorial Lee- 
tures I appreciate highly. Although my ways and the ways followed 
by Dr. Bromi crossed at man 3 '- points, it happens that I never had the 
privilege of meeting him. It would have been a privilege, indeed, for 
he had man.y experiences which were related to mine and which would 
have led, I am sure, to a stimulating exchange of ideas. 

As a young man he had his interneship in a small railroad hospital 
in northern Minnesota. For ten years he practiced medicine in a com- 
munity of about 10,000 people in Montana. Those were conditions for 
knowing many kinds of human beings— trainmen, ranchers, cowboys, 
and the families of a newly settled country. The quality of the man 
is revealed better than in any verbal testimony by his being among the 
first in Montana to utilize the tuberculin test, tlie Wassermann reaction, 
and the fluoroscope. It is revealed also by his repeated resort to east- 
ern centers for special studies whicli would render him more useful 
to those whom he served. 

In 1921 his eagerness to contribute to the progress of medicine, })e- 
sides being a helpful physician, led him to accept a position at the Mayo 
Clinic. There he continued in activity for nearly fifteen years. During 
that period his name became knomi widely tlirough liis ovm country 
and abroad because of his important contributions to our knowledge of 
blood vessels and their disorders. His bibliography includes a list of 
140 papers, the great majority of which were devoted to studies of vas- 
cular disease. It is of interest that as early as 1923 he reported on a 
case of malignant hjqjertension, and in the years which followed he 
and other members of the Division of Medicine at the Majm Clinic 
descri1)ed numerous other cases and observatioiis related to disorders of 
tlie eireulatoiy s.vstem. - 

•George E. Brown Memorial Lectiire. 

^ Delivered before The American Heart Association, .Tune 7, in Atlantic City, 
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Dr. BroMTi impressed his associates by the varietj’" of liis interests, 
by his vivid and alert intelligence, his attention to new developments in 
medicine, his open-mindedness, and by his generous and stimulating 
attitude toward younger men with whom he came in contact. As some- 
one has remarked, “Dr. Brown beautifully exemplified the glory of the 
medical guild — ^the desire to share not only with the community but 
■ with all of his fellows the best of his mind, his heart, and his person- 
ality.” It is in a tribute to him that we gather here today to consider 
problems which were central in his thought. 


The accidental discovery of vasoconstrictor nerves by Claude Bernard 
in 1851, the prompt confirmation of that discovery by Brown-Sequard 
and Waller, and Beraard’s demonstration of vasodilators in the sub- 
maxillary gland brought two new concepts into our understanding of the 
circulation of the blood. The fir.st -was the idea that the blood ve.ssels 
are under control of the nervous .system and therefore can be made to 
contract or relax and thus vary the resistance of the flow in their 
channels. The second idea was that the circulation can be adapted to 
the general requirements of the organism as a whole and also to local 
needs of particular organs, in accordance with variations of rest or 
activity. From the earliest observations on the rabbit’s ear and on the 
salivary glands, seventy or eighty years ago, until the recent studies 
on carotid sinus reflexes and conditions producing hypertension, much 
of the interest in the physiology of the circulation has been concerned 
with the factors which affect the distribution of blood in the body. 

For manj’ decades studies on the control of blood vessels were fairly 
simply related to examination of the effects of severing the nervous 
connections at various points and noting what occurred, or in stimu- 
lating severed nerves in order to observe the consequences. The local 
reflexes of Loven, the axon reflexes of Langley and the antidromic im- 
pulses elucidated by Strieker^ and Bayliss® were revelations of signifi- 
cant new facts pertinent to va.scular physiology. The.se researches on 
the effects of nervous agencies alone, however, have been complicated 
by later evidence for humoral or chemical factors which play a role 
in determining the contraction or relaxation of peripheral vessels. 

To cover the entire field of the physiologj’- of peripheral blood vessels 
would be obviou.sly too great a ta.sk for a brief lecture, liluch that one 
might say in the.se circumstances mu.st be set aside, and only certain 
featiu’es of the vascular aspects of circulatory phj'siologj' can be con- 
•sidered. In the short time available I propo.se to consider some of the 
newer testimony regarding va.seular tone. In using the term “vascular 
tone” I do not commit myself to any particular idea of the nature of the 
tonic state in smooth muscle or in capillary endothelium. I am using 
the term to designate a state of moderate contraction of the elements 
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in the vascular walls — a state which can be both increased and decreased 
by the operation of appropriate agencies. I am assuming, furthermore, 
that the discussion will relate only to changes in the blood vessels, i.C;, 
that, unless otlierwise specified, we may consider the cardiac pump as 
engaging in a steady performance. With these pro\dsions declared, I 
propose that we consider together certain factors which affect the size 
of vascular channels and therebj* produce hypotension, h^’per tension, 
and local adjustments of the circulation in accordance with local needs. 

THE EFFECTS OF SYMPATHECTOMY ON VASCULAR TONE 

In experiments on dogs, Goltz^ was first to show that severance of the 
vasomotor nerves left a moderate state of contraction in the blood vessels. 
This gradually increased and, as judged by temperature, might, later 
more than equal the original degree. The recovery of the contracted 
state Avas noted also by Dale and Richards^ in the vessels of the cat’s 
limb, the nerves of Avhich had been cut; after initial loss of tone there 
was fairly rapid restoration. Furthermore, Grant and Bland-"’ reported 
a return of the tonic contraction in the vessels of the rabbit’s ear after 
the A’asoconstrictor nerves had been cut. 

These observations on vascular behavior after denervation in special 
regions of the body are in harmony with observations made on animals 
completely deprived of the sjTnpathetic system. In 1931 Bradford 
Cannon® reported records of blood pressure of dogs from which the 
sympathetic chains had been removed in parts until there were left no 
connections between the blood vessels and the central nervous system. 
The sympathetic chains Avere extirpated in tliree stages: first, the 
lumbar sections Avith severance of the right splanchnics; second, remoAml 
of the right thoracic section; and finally, the left thoracic section AAuth 
the left splanclmics. An immediate fall of arterial pressure occurred 
after completion of each stage. When the final portion of the sympa- 
tlietic was taken, the pressure, after the iirimarj^ drop, came to rest 
soiticAA^hat loAver than the original level, i.e., at about 120 mm. Hg. 

The blood pressure of the dogs studied by Bradford Cannon was 
measured by means of a pressure cuff and auscultation or palpation. 
The faii’ly normal pressure AA'hich he noted after extirpation of the last 
segment of the sympathetic system AA^as confirmed for cats as aa^cII as 
for dogs by Bacq, Brouha, and Heymans.' They measured the arterial 
pressure by connecting the femoral artery Avith a mercury manometer. 
In totally sympathectomized animals they state that the recovery from 
loAA^ pressure is by Avay of a progressive return. Further eAudenee re- 
garding the restoration of pressure in animals AA^hoUy deprived of the 
symj)athetic system AA’as reported by Wilson, Roome, and Grimson® last 
year. Again the return of a fairly normal blood pressure AA-as noted. 
Tlie evidence is clear from aU these studies that, just as peripheral 
vascular tone is restored locally after local section of A’aso constrictor 
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nerves, there is a corresponding restoration of tone and a conseouent 
persistence of a fairly normal arterial pressure aftei’ the sj^mpathetic 
system has been entirely cxtii’patcd. 

Thus far the return of normal pi-essure after symjiathectomy has been 
explained as due solely to the reeoveiy of a tonic state in the vascular 
walls. Conceivably the recovery is not complete. In that case the re- 
turn might be aided by an increase of blood volume — an increase which 
would compensate for a greater capacity in the circulatory .system. In 
studies on dogs Wilson, Roome, and Grim.son** came to the conclusion 
that the quantity of circulating blood is not greater after complete 
sympathectomy than before. Their e.stimates wei’e based, however, on 
the bleeding volume. It is que.slionable whether that method can yield 
satisfactory evidence. In the normal animal reflex vasoeonsU’ietion 
occurs as the blood pressure falls, and thus blood would be forced out 
of the vessels until the last heartbeat. In the sympatheetomized animal 
reflex reduction of the vascular capacity cannot occur, and, therefore, 
a bleeding volume after S3Tnpatheetomy equal to that in normal animals, 
might reasonablj' be interpreted as indicating a more than normal 
amount of blood in the vessels. There is some evidence that the blood 
volume is indeed greater after sympathectomy than before. Hamlin, 
in unpublished observations on sj'mpatheetomized eats, has found (in 
seven animals) that the average increase of the quantity- of circulating 
blood was 25 jicr cent. His estimates were based on the use of Grc- 
ger.sen’s well-tested blue-d.ve method. Four or five measurements were 
made before the operation and a similar number afterwards. The ani- 
mals had all regained their former weight before the postoperative de- 
tenninations were made, Curiou.slj' the determinations after removal 
of the .sympathetic fibers .showed wider variations than those made be- 
fore, These are data v/hich mu.st be confirmed; the.v indicate, however, 
that the re.stored blood pressure after s^'mpathectom.v ma}' be partiall.v 
due to a larger amount of blood filling a more capacious sj'.stem. 

Condition Affecting Physiological Tone After Sympathectomy . — Since 
the obseiwations of Meltzer and Auer' in 1904, it has been recognized 
that .section of the sympathfjtic ner\'es supplied to smooth mu.sclc renders 
the mu.sclc more sensitive to adrenalin or secreted adrenine. Their ob- 
servations were made on the blood vc-ssels of the rabbit’s ear and also 
on the cat’s iris and nictitating membrane. These facts have been re- 
peatedl.v confirmed b.v other olrservers and have been extended to smooth 
muscle in other paids of the bod.v. About two years ago Ha'mpeT'’ 
reported on the rate of development of sensitiveness as manife.sl in the 
smooth mu.sele of the nictitating membrane. During the first week there 
is a rapid gain, which is followed In* a slower gain during the second 
week. On the fifteenth or si.xteenth day after section of sympathetic 
fibers a maximal respousiveness is reached and thereafter is maintained. 
An important consideration related to sensitization to adrenine is the 
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fact that severance of preganglionic fibers, according to Hampel, results 
in only approximately half as great sensitiveness to. adrenino as that 
produced by severance of postganglionic fibers. Similar observations, 
but on blood vessels, have recently been reported by Ascroft.“ He 
estimated that after postganglionic section the vessels are about ten 
times as sensitive as are the controls, and after preganglionic section only 
three times as sensitive. Attention to this point allows smooth muscle 
to be separated from the central nervous influences without being ren- 
dered especially responsive — a practical matter, the value of whicli 
surgeons have recognized. 

The importance of sensitization of vascular smooth muscle to circu- 
lated adrenine lies in the fact that common conditions in daily life 
naturally result in a discharge of an extra amount of adrenme into 
the circulation. This is due to the control exercised by the sympathetic 
nervous system on the adrenal medulla. In a long series of experiments, 
carried on for many years in the Harvard Physiological Laboratory, 
evidence has been secured that emotional excitement, hypoglycemia, 
cold, pain, and vigorous muscular activity all increase medulliadrenal 
secretion.^^ These observations have been confirmed by various in- 
vestigators using a variety of methods and working independently in 
different parts of the world. The question naturally arises as to whether 
the tone of blood vessels deprived of sympathetic nerves will be altered 
by conditions which influence secretion of adrenine. 

First, let it be understood that in man, just as in the cat, as Freeman, 
Smithwick, and "White^® found, smooth muscle — that of the blood vessels 
of the fingers, for example — becomes more sensitive to injected adrenalin 
six to eight days after sympatliectomy. In this relation it is of con- 
siderable interest that the conditions which have been shown to cause 
an increase of adrenal secretion are precisely the conditions whicli may 
affect contraction of sensitized denervated vessels. Thus, contraction of 
the blood vessels of the sympathectomized ear of the rabbit has been 
reported by Grant, who charted the fall of temperature of the ear 
when a leg w-as held and the animal struggled. Analogously, Grant and 
Pearson (GranG'^) have noted that, when a man struggled against re- 
sistance for a minute, there was contraction of his denervated blood ves- 
sels, indicated by a fall of temperature of the foot through 2° C. Further- 
more, Freeman, Smithwick, and White observed that, when a patient be- 
came excited, there v^as a contraction of the denervated vessels. During 
insulin hypoglycemia, also, there was a striking vasoconstriction. Chilling 
of the body, which we know induces sympatho-adrenal activity, as slioivn 
by gooseflesh, will also cause a. narrowing of the denervated vessels, as 
FreemaiP'^ has shonm. This contraction is not due to direct action on 
the sensitized vessels, for it appeared when the hands were maintained 
at a constant temperature while ice bags were applied to both supra- 
cla^^cular regions. In all these observations on man the experimental 
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observations on lower animals have been repeated. They definitely 
offer evidence that excitement, h 3 'poglycemia, cold, and muscular effort 
cause effective secretion from the .human adrenal medulla. Pain would 
probably have the same influence, though observations on that point 
have not been made on mam This result of conditions which increase 
meduUiadrenal secretion probably explains anomalies which not infre- 
quenth' have been reported regarding the return of spasm in peripheral 
vessels long after they have been deprived of their sympathetic nerve 
supply. 

In the foregoing account the contraction of denervated blood vessels 
has been attributed solelj' to adrenal secretion. There is another agent 
whieli maj' have similar effects. That is the substance “sj^mpathin,” 
which is given off at sympathetic nemm endings when there is a dis- 
charge of impulses into tlie effectors. In 193.5 Grant^'* reported that 
after removal of the adrenal glands or the pituitarv body the previous 
reactions of the normal and the denervated ear were not altered. He 
presented no record of the changes in the denervated car when the 
animal was exposed to a reduced temperature, or was made to struggle, 
after the adrenals had been extirpated, but presumably those tests were 
applied. Grant admits the po.ssibility that the sensitive vessels were 
affected by circulating .s.ympathin. It seems probable that this is the 
explanation of his observations. We know that denervated vessels be- 
come sensitized to .sympathin ju-st as thej’’ become sensitized to adrenine. 
And Wliite, Okelberrj^ and Whitelaw*''' have noted an intense blanching 
of a rabbit’s sympathectomized ear when, after removal of the adrenals, 
the\' stimulated hepatic nciwes — a mode of liberating .sympathin which 
is highly effective. AVe have learned that .s\Tnpathin is discharged into 
the blood stream under the same conditions as adrenine and that or- 
dinarily sjTnpathin and adrenine collaborate in producing changes in 
.S 3 ’mpathetic effectors. It is quite po.ssible, however, that S 3 Tnpathin 
may alone produce these change.s. 

The fact that activit 3 ' of the .S3'mpathetic .S 3 'stem provokes a discharge 
of both S3'mpathin and adrenine and that these two agents can work 
together to influence regions which have been deprived of their ,S5'mpa- 
Ihetic nerve.s’" raises the question as to whether the recovery of tone in 
va.scular smooth muscle ma 3 ' not be due to the continued presence of a 
.small amount of these .substances in the blood .stream. According to 
Satake, Sugawara, and AYatanabe,’® there is a discharge of adrenine 
from the adrenal medulla, even in the most quiet condition.s, amount- 
ing to 0.00007 milligram per kilogram of body weight per minute. 
There is a bare po.ssibilit 3 ' that this cxtremeK’' .small amount mav have 
been due to the manipulation incident to taking the blood sample re- 
quired for the estimate, though great care was used to avoid disturbance 
of the animal. In experiments on cats with denervated hearts I was 
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unable to find any difference between the heart rate in the animals com- 
pletely at rest and with intact adrenals, and the same animals after 
the adrenal glands were rendered wholty inactive. Since the dener- 
vated heart is an extraordinarily sensitive indicator of adrenal secretion 
it would appear that the amount of adrenine produced in complete rest 
is probably not enough to have any influence on vascular tone. 

Whether there is another gland of mternal secretion — for example, 
the posterior lobe of the pituitary or the adrenal cortex — which supplies 
a chemical agent that might account for the restoration of tone in 
sympathectomized vessels is not Imoivn. Certainly if endocrme organs 
are effective agents in reestablishing tlie tonic state they are not called 
into action bj’’ the discharge of impulses through sympathetic pathways, 
for in completely sympathectomized animals those pathways are absent. 
There is no indication, however, that any gland of internal secretion is 
necessary for the development of tone in smooth muscle — certainly not 
the adrenal medulla. Tliat statement is supported by observations on 
the alimentaiy tract. ]\Iany years ago I isolated the stomach from the 
central nervous system.^® The smooth muscle of this organ is relaxed, 
not contracted, by adrenine. And yet, after a short time, the denervated 
muscle of the gastric wall shows an almost incredible degree of tonic 
contraction. Until definite proof that an external agent operates to 
restore “tone” in denervated vascular muscle I believe we are war- 
ranted in assuming that the restoration results from an intrinsic prop- 
erty of tlie muscle itself. 

In connection with variations of tone of denervated blood vessels, the 
interesting reports from Freeman, and Freeman and Zeller on the 
effects of heat and cold on the circulation rate may be mentioned. In 
obseiwations on patients Freeman^^ found a remarkably close relation- 
ship between the volume flow of blood in a sympathectomized hand and 
the metabolic rate. When the rate was increased or decreased by plac- 
ing the hand in warm or cold water the volume flow was correspond- 
ingly altered. In unpublished observations Freeman and Zeller have 
confirmed these data in experiments on totally denervated paws of 
unanesthetized trained dogs in which one adrenal had been removed 
and the other denervated. Again the circulation varied with tlie temper- 
ature of the bath in which the paw was immersed. The conclusion was 
dravTi that the blood supply through regions deprived of vasomotor 
control might be determined by the metabolic needs of the tissues. Al- 
though not denying that possibility and deferring until later a consid- 
eration of the way in which metabolites may influence blood flow, I may 
mention that Freeman has recognized that smooth muscle contracts 
when exposed to cold and relaxes when exposed to warm surroundings, 
and that therefore the variations in blood flow which he observed might 
be the consequence of temperature clianges in the vessels themselves. 
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ADAPTATION OF VASCULAR TONE TO LOCAL NEEDS 

Tlie evidence relative to changes of vascular tone in accordance with 
the quiescence or the activity of organs has been derived chiefly from 
studies on muscle. The cla.ssic experiments of Krogh,^'* showed that 
when the muscles of a guinea pig are made to contract the number of 
capillaries which are \'isibly relaxed and containing blood may be 
more than ten timas the number visible in the resting muscle, and in 
the frog the increase may be nearly fortyfold. The early observations 
by Chauveau and Kaufmann (see Kaufmann^*) revealed an increased 
blood flow through rhythmically active muscles which might be as much 
as five times the amount passing through the same muscles when at 
rest. These I'e.sults have been confirmed by other investigators, notably 
by Bareroft and Kato'* who pointed out that the increase occurred as 
an aftereffect of contraction. 

The most recent and apparently the most reliable studies of this 
phenomenon are those of Ani'ep,-“ who u.sed a hot-wire anemometer to 
record the blood flow. By means of this device he was able to .show that 
a tetanic contraction, whether reflex or induced by stimulation of a 
motor nerve, causes the flow through the muscle to be gveaily reduced 
and may actually stop it. After the contraction, however, it is much 
increased. If the muscle contracts rhythmically the flow becomes grad- 
ually more ample between .succe.ssivc eonti-actions until a maximum is 
reached. The greater supply of blood depends upon the strength of 
tlie contraction. It would appear that the observation, well known since 
the report by Roy and Brown nearly sixty years ago, that arrest of 
the circulation is followed by a coirsiderably augmented flow through 
ve.ssels in which the flow has been checked, may be a phenomenon similar 
to that seen in active muscles. The phenomenon noted by Anrep, how- 
ever, is not .solely due to a check on the circulation during the contrac- 
tile phase, for he found that if blood is forced through muscles during 
their contraction it acquires the property of causing a reduction of 
vascular tone. Obviously .some agent is produced by the activity of the 
muscle itself that has the observed eff'ect. 

For our present interests the que.stion that becomes prominent is that 
of explaining the increased circulation when .skeletal mu.scle fibers con- 
tract and shut off their own blood .supply and simultaneou.sly become 
the .scat of special metabolic proce.sses. Vanous explanations have been 
given to account foi‘ the dilation of blood vessels in active organs. The 
demonstration by GaskelP^ that lactic acid le.ssen.s the tone of blood 
vessels, and Bayliss testimony that c^irbon dioxide has the same effect, 
.sf‘i%e to bring acid metabolites into the picture as passible agents in- 
ducing tlie larger flow. Whether the obseivation that lack of oxygen 
fcf. }ja.s a similar influence is to be a.seribcd directly to that condition 
or indirectly to the develoijment of an acid reaction is not yet clear. As 
Amxp has remarked, there has been a tendency, as each new sub.stanee 
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has been discovered, to ascribe to it responsibility for the vasodilator 
effect in active innscle and in other organs. Histamine, acetylcholine, 
adenylic compounds and otlier unidentified snlistances liave in turn been 
regarded as the cause of the phenomenon. Gaddum-" has declared that 
no single substance Imown to be present in tlie tissues could account 
completely for the characteristics of reactive hyperemia, during which 
there is a dilation of all the vessels. Liberation of histamine could 
explain dilation of the capillaries but not dilation of the arterioles — 
the presence of some other agent would have to be assumed to account 
for effects on these structures. Possiblj' the early testimony of Gaskell 
and Bayliss regarding the action of acids maj’- be most pertinent, for 
Rous and Drury^® have shown by direct observation a considerable 
local increase in the hydrogen ion concentration in ischemic tissues — 
an increase which under certain conditions might control the blood flow. 
It is unfortunate that we have no decisive evidence regarding the agen- 
cies which adapt the tone of the blood vessels, and thereby the flow of 
the blood, to the needs of organs as they vary between rest and activity. 

THE QUESTION OF INHIBITORS OP VASCULAR TONE 
(i.E., VASODILATOR NERVES) 

In discussing inliibition of vascular tone I am not concerned with 
the depression of activity of tlie vasoconstrictor center, but instead I 
wish to take up the pros and cons of the existence of a vasodilator 
center which produces vasodilation by relaxing smooth muscle. That 
smooth muscle may be relaxed by nerve stimulation is common knowl- 
edge. The relaxation of tlie stomach and intestines, and likewise the 
nonpregnant uterus of the cat, when sympathetic impulses are de- 
livered, are noteworthy instances. It would not be strange, therefore, 
to find nerve impulses which would relax the smooth muscle of blood 
vessels by inhibiting their tonic state. Nevertheless, Bancroft^® has 
argued that the dilation of the blood vessels of the submaxillary gland, 
for example, when the chorda tympani is stimulated, is due to the action 
of metabolites set free from the gland and therefore ‘ ‘ the liypothesis 
of dilator fibers in the chorda of the cat seems superfluous.” That argu- 
ment cannot hold, however, in the effects of stimulating the nervi 
erigentes where metabolites are not produced which could dilate the 
vessels. 

, The interest of the Harvard Physiological Laboratory in vasodilator 
nerves was stimulated by the remarkable beliavior of sympatheetomized 
eats. The observation was repeatedly made that if these sympathec- 
tomized animals engaged in any vigorous activity they promptly col- 
lapsed. When Freeman and EasenbluetlP® measured blood pressure at 
dhe time of a vigorous struggle the fact appeared that the pressure in- 
stead of rising, as it does in noi’mal animals, actually fell. Similar 
observations have been made on dogs. For a period of some da.vs after 
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the completion of .s3’mpathectomy Freeman^\ found that there was so 
great a drop of pressure when an animal Avas vigorously exercised that 
fainting occurred. Later tlie dog recovers and is able to endure stren- 
uous muscular exertion Avithout the di.sturhing effects seen in the cat.-’^ 
Nevertheless, as Pinkston, Partington, and Rosenblueth’^" have demon- 
strated, muscular activity causes some fall of blood pressure even in 
the dog AA'ell recovered from the operation of sympathectomy, 

Tlie observations just described liave been given different interpreta- 
tions. Bacq, Brouha, and Hej^mans' haA'e claimed that the fall of pre.s- 
sure is due to muscular metabolites AA’hieh, as aa'c have seen, are capable 
of causing a dilation of the blood vessels. In support of this vicAv tliey 
found that the addition of carbon dioxide to the air breathed bj’" a 
SA'mpathectomized cat caused a fall of arterial pressure. It also caused, 
hoAA'ever, a greatlj' increased raspiratoiy rate, and tlie possibility exists, 
therefore, that the changed conditions brought about by excessive re.s- 
piration might have produced the effect. Furthermore, there is chance 
that the excess of carbon dioxide might stimulate a vasodilator center 
and thei’ebA" induce a fall of pressure. It would appear reasonable also 
that if muscular metabolites are the e.s.sential cause of a loAvered pre.s- 
.sure in sympathectomized animals the dog might be expected to suffer 
as much as the cat. The effect, though present in the dog. Is not so 
striking as in the eat. The difference betAA’cen the tAvo species maj’’ be 
attributed to a greater efficac.v of A'asodilator nerves in the cat. Further- 
more, the fall of blood pressui’c in .sympathectomized, A'agotomized 
animals AAken the.v struggle .starts almost immediatelj' — apparentlj’' 
much too soon to be readil.A' explained In* the metabolites resulting from 
muscular contraction. Also, AA'hen the peripheral end of the cut sciatic 
nerve is stimulated in a SA'mpathectomized cat there is first a rise of 
blood pressure, as might be e.xpeclcd from Anrep’s ob.serA'ations on the 
effects of muscular contraction, and a fall occurs only after the stimulus 
ceases. Neither in the cat nor in the dog is struggle associated Avith this 
initial rise of pressure. From all these lines of cA'idence it seems clear 
that the explanation of the drop in the blood pressure record is not Avell 
e.xplained b.v the development of metabolites alone, 

Bacq, Brouha, and Heymans have suggested that there may be non- 
.SA'mpathetie A'asoconstrictor nerA'cs and that the fall of pressure in 
animals deprived of the sympathetic sA'.stem may result from a block 
of cons'trictor impulses. The eA'idence cited In' them aa’rs based on the 
effect of one milligram of percain, injected into the spinal canal in the 
cei'A'ical region. This diTig, they assumed, produced a “physiological 
section” of the .spinal cord. The consequent drop of arterial pre.ssure 
thcA' attributed to the action of the drug in eliminating tonic vasocon- 
strictor impul.ses. ^\hcn, instead of using a drug, hoA\'c\'er, Rosenblueth 
and I '* made a true section of the cord in the cerA'ical I’ogion. and found 
that it did not modity the pre.s.sure of .sj'mpatheetomized cats, aa'C felt 
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justified in dismissing as inconclusive the evidence obtained by the Bel- 
gian investigators. Our view was confirmed by the observations of 
AVilson, Roome, and C4rimson,® and also of Bradshaw^^ that novocaine 
spmal anesthesia, which dropped the blood pressure of normal animals, 
had no hypotensive influence on the sjonpathectomized. Another argu- 
ment in favor of nonsjunpathetie vasoconstrictors, which was advanced 
by Bacq, Brouha, and Heymans, was based on the observation that 
hjTDotension in the carotid sinus caused arterial hjqiertension hi the 
sjunpathectomized animal. Tliis observation was not confirmed by 
Thomas and Brooks,^'”' however, and likewise not confirmed by Pinkston, 
Partmgton, and Rcsenblueth.^^ The main reason for gmng credit to 
this accumulation of negative evidence is that Bacq, Brouha, and Hey- 
mans do not mention excluding the possibility of regrowth of nerves 
to the celiac ganglion and the adrenals. As was shown by Bacq and 
Dworkm,^' such regrowth maj’’ occur, and unless scrupulous care is 
given to this possibility it may lead to highly confusing re.sults. The 
weight of evidence favors the view that nons.ympathetie nervous in- 
fluences on the blood vessels are not of vasoconstrictor type. 

That it is possible to obtain true vasodilation, i.e., relaxation of vascu- 
lar tone, in sympathectomized animals by nervous influences acting 
directly on the vessels, was shown by Rosenblueth and myself^* in 1934. 
We made use of Ranson and Billingsley’s observation®® that there are 
on each side of the floor of the fourth ventricle two well-separated 
points, stimulation of which causes alteration of blood pressure — the an- 
terior points causing a rise and the posterior a faU. In s}Tnpathee- 
tomized animals we found that stimulation of the depressor points con- 
sistentty elicited a fall of blood pressure. We were careful to place the 
electrodes properly and use threshold stimuli so that there was no at- 
tendant muscular movement. The depressor effect was not eliminated 
by the exclusion of the splancluiic area, for it persisted after the aorta 
was clamped at the level of the diaphragm. Stimulation of neighboring 
regions, including the pressor points, did not alter the arterial pressure 
unless the current was sufficient to mduce muscular activity. Then there 
was an initial rise succeeded by a fall just as when a peripheral nerve 
is excited. 

The experiments of Pinlvston, Partington, and Rosenblueth,®® more- 
over, brought forth definite evidence that in both the s.^onpathectomized 
dog and the eat central stimulation of vagus and depressor nerves would 
cause a distinct fall of blood pressure. In all eas&s there were no 
changes of activity except in respiration; and the respiratory change 
was definitely ruled out as the occasion for the depressor effect. In the 
sympathectomized cat central stimulation of the brachial nerve, for 
example, repeatedly produced striking diups of the pressure level. 
Muscular movements which might be induced by spinal reflexes were 
eliminated in some instances ly section of the efferent iieiwes which were 
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involved. These sections altered slightly the magnitude but not the 
dowiuvard direction of the blood pressure response. Tlic results, noted 
in the sympatheelomized cat, were obtained also in experiments on 
sympatliectomizcd dogs. 

Tlie existence of a vasodilator center, the activity of which is recip- 
rocally related to a vasoconstrictor center, was inferred by Bayliss®® 
in 1908, for he found that when constrictor impulses were eliminated 
from a given vascular region by severing its sympathetic fibers, re- 
flexes which involved vasodilation were still effective in causing an en- 
largement of these .sympathectomized ve.ssels. Eaidier, Baylis.s^ had 
reported experiments which revealed the possibilit}’^ of vasodilator in- 
fluences in the limbs that might be mediated through the dorsal roots. 
The phenomena observed in 1913 by Fofanow' and Tschalussow‘“’ and 
later by Bishop, Heinbeeker, and O’Leary'^ and also by Tournade and 
Malmejac,^^ showed that the vasodilator fibers of the doi'sal roots could 
be activated I’eflexly. It seems probable, therefore, that in sj'^mpathec- 
tomized animals these are tlie efferent pathways of the impulses which 
cause an inhibition of peripheral tone. They would be, then, re.sponsible 
for that drop of blood pressure which attends struggle, which follows 
stimulation of depressor points in the floor of the fourth ventricle, and 
which results reflexly when afferent nerves are excited. 

CONDITIONS PRODUCING EXCESSIVE VASCULAR TONE 

As is well recognized, the height of arterial pressure depends upon the 
energy of the output from the heart as related to tlie re.sistance to the 
onward passage of blood into the capillaries. A condition of hyperten- 
sion, other things equal, depends chiefly on the re.si.stance offered to the 
blood flow in the finer divisions of the arteries, the arterioles. In such 
circumstances, with a marked va.soconstrietion in that part of the circula- 
tory sy.stem, a heightened blood pre.ssurc will result. The persistent 
state of hyiiertension which develops pathologically in certain individ- 
uals presents an important physiological and medical problem. Un- 
fortunately the condition may become so severe — ^the pressure maj^ rise 
so high — that life may be endangered; then the adjective "malignant,” 
applied to it, is fully ju.stified. 

Three explanations of the hypertensive state in the arteriole.s could 
theoretically be possible. It might re.sult from excessive discharge of 
vasoconstrictor impulses from the central nervous .system, .such as to 
induce an abnormal narrowing of the channels. Or it might be due to 
increased sensitivene.ss of the smooth muscle of the arterioles to natural 
stimuli which cause contraction. Or these small vessels might be patho- 
logically constricted because of direct action upon them of unu.sual 
chemical agents. "We now have, in fact, evidence that each of these con- 
ditions may pi'oduce an augmented vascular contraction. ^Vc .shall con- 
sider them in the order mentioned. 
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1. The studies of Hermans and his collahorators have furnished evi- 
dence that if all the restraining nerves are severed — the eardio-aortic 
nerves (depressor) and tliose of the carotid sinus as well — ^there develops 
a hypertension which jjersists for an indefinite period. Hejinans and 
Bouckaert-*^ have reported long-continued observations on a single 
animal, a dog. Before section of the restraining nerves the arterial pres- 
sure was approximately 140 mm. Hg, and the cardiac rate 90 beats a 
minute. After section of these nerves the pressure rose promptly to 
240 mm. Hg, and thereafter w'ent up gradually until after eight months 
it reached 300 mm. The heart rate likewise rose until it ran about 300 
beats a minute. After sixteen months, when the arterial pressure was 
about 270 mm. Hg, the abdominal sympathetic strands as w'ell as the 
splanchnic nerves were severed. Arterial pressure, after being reduced 
for some days immediately after the operation, stabilized between 280 
and 300 mm., i.e., there was ho improvement. The heart, however, which 
had begun to beat more slowly, continued toward the previous normal 
level. 

About the twenty-fifth montli, i.e., after two years of higli pressure, 
the celiac plexus was removed. Then there was a marked and lasting 
fall of the pressure which stabilized at about 200 mm. Hg. It may be 
that there had been a regToi\t;h of splancluiic (preganglionic) fillers into 
the celiac ganglion — a possibility already noted — and tliat the persist- 
ence of high pressure was partly due to that. On the otlier hand, the 
rise, a short time after excision of the abdominal sympatlietie strands 
and section of the splanchnics, might be explained as a consequence, to 
some degree, of independent activity of the outlying neurones in the 
sympathetic system, i.e., those of the prevertebral ganglia. That ex- 
■ planation would be in harmony with tlie observations of Govaerts,^'* 
whose experiments indicated that the stellate ganglion, disconnected 
from the central nervous system, becomes after some days independently 
active and the source of a cardio-accelerator tone. 

The dog studied by Hejunans and Bouekaert did not have a restbi’ation 
of normal pressure until both thoracic sympathetic chains were removed, 
in addition to the removal of tlie abdominal chauis. When these final 
operations were completed, after 27 months, the arterial pressure was re- 
stored to its former level. The Belgian investigators liave drawn tlie 
conclusion that when hypertension is brought about by removal of the 
re-straining nerves the consequent persistently high arterial pressure is 
abolished only when there is complete removal of the S3’mpathetic 
strands, and, in addition, an excision of isolated s.vmpathetic ganglia 
such as the celiac. Tliej^ especially emphasize the possibility' that these 
ganglia, even when disconnected from the central nervous system, may 
become centers of vasoconstrictor tone. Unfortunately their conclusions 
are based on a single experiment, and that one not critically performed. 
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The experiment is, however, of the sort which should be performed. Be- 
cause of the importance of the inferences draivn from it, it should be 
carefully repeated. 

2. That some blood vessels, even though innervated, may become espe- 
cially sensitive to natural stimuli was shown by Lewis'*^ and by Hein- 
becker and Bishop,^® in studies on patients with Eaynaud’s disease. 
Lewis noted that when cold was locally applied to an affected finger 
there was local vasospasm without general involvement of the sym- 
pathetic system. And lieinbcckcr and Bishop observed that adrenine, 
whether subcutaneously injected or secreted in response to hypoglycemia, 
produced exceptionally emphatic constriction in the ve.ssels of abnormal 
digits. They also adduced evidence that these vessels were peculiarly 
overre.sponsive to normal .sympathetic impulses; since these impulses 
liberate .sympathin, however, and that substance closely resembles ad- 
renine, the effect is what might be expected. 

In all these cases the disease had reached an advanced stage. White,'”’ 
(p. 163) has pre.sented arguments which would atti*ibute the phenomenon 
of local sensitiveness to the pathology which develops at that stage and 
would explain the early appearance of .spasm in Raynaud’s disorder to 
hyperactivity of va.soconstrictor nerves. 

3. The third way in which dangeiuus vasoconstriction might develop 
is through peripheral stimulation of the smooth muscle of the arterioles 
by unusual chemical agents. Naturally one thinks, first, of such nat- 
ural agents as pituitrin and adrenine, both of which are capable of 
causing contraction of smooth muscle. In acute experiments, however, 
pituitrin does not have a persistent effect in contracting vascular mus- 
cle — successive doses become le.ss effective than the finst. Further- 
more, Grant has shov.m that vascular tone develops in the absence 
of the pituitary gland. Since we have experimental i)roof that the 
adrenal medulla does not secrete unless it is stimulated by nervous im- 
pulses (or in the rare condition of extreme a.sphyxia), the idea that 
secreted adrenine plays a role in producing excessive constriction of the 
arterioles mu.st, I believe, be abandoned. 

The most illuminating indication that persistent hypertension is in- 
duced by some chemical agent, apparently other than that put forth 
by one or more of the glands of internal secretion, has come from the 
important experiments of Goldblatl and hi.s collaborators.^® I hesitate 
to ex])ound the evidence developed from these experiments because a 
I)apcr which is to be given this afternoon will clearly bring out the 
facts. The most interesting point in relation to the pre.sent discussion, 
ho«e^cr, is that Freeman and Page have been able to demonstrate that 
reduction of the blood flow through the kidneys by application of Gold- 
blatt’s clips causes hypertension in animals which have been completely 
s.Mnpatliectomized. Or if hypertension has been produced by partial 
ischemia of the kidneys, subsequent sympathectomy does not improve 
the situation. These obseiwations appear to place the action in some 
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agent ■o'liicli affects vessels at tiie periphery. There is, however, the bare 
possibility that the hypothetical agent might influence primarily pre- 
vertehral ganglia such as the celiac and the inferior mesenteric, and by 
exciting these isolated groups of cells, which constrict the splanclmic 
vessels, might be the occasion of the hypertensive state. 

We have now surveyed briefly recent studies on the effects of sjunpa- 
thectomy on vascular tone, the conditions which affect vascular tone 
after sympathectomy, the adaptation of vascular tone to local needs 
of the tissues, the question of inhibitors of the tonic state in blood ves- 
sels, and the conditions which may produce excessive vasoconstriction. 
Unfortunately time has not been available for discussion of the factors 
which influence specifically the functional adjustments of the capillaries. 
That subject will remain for some future lecturer to consider, who 
comes before you to refresh the memory of George E. Brown, and his 
services to the physiology and pathology of the circulatory system. 
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STUDIES IN THE PATHOLOGY OP VASCULAR DISEASE* 


M. C. WusTERNiTz, M.D., R. M. Thomas, ]\LD., and 
P. M. LeGompte, M.D. 

New Haven, Conn. 

E vidence concerning tlie basic processes leading to the formation 
of atheroma and related vascular changes is presented. Tliis evi- 
dence has been obtained br combination and intensive application of 
Imown techniques. It is believed the new laiowledge aids in the under- 
standing of the anatomical processes involved in atherosclerosis and that 
this points the way to further study of cause as well as relation of 
vascular and organ changes in a group of diseases. 

The importance- of vascular disease in its various manifestations need 
not be stressed. As a result of rapidly increasing knowledge of diseases 
of childhood and early maturity and improved measures for their pre- 
vention and care, vascular disease and associated organic changes now 
top the mortality list. Contributions concerning the pathology of the 
various processes have been disappointing. The etiology is obscure, 
and the source of the materials, lipoid and otlierwise, so characteristic 
of early atheroma is no clearer, dc.spite many attempts to relate them 
to diverse maladjustments, es]Deeially dietaiy. 

Present-day descriptions of the process differ in no essential from 
those of Morgagni save that they are more brief and employ a somewhat 
changed nomenclature. The histological picture and its interpretation 
is not different from that of the time of Vii'chow. The description of 
the typical atheroma, as given in contemporary texts, briefly, is some- 
what as follows; The intimal thickening, gray, Avaxy, or yelloAV and 
opaque, bulges into and partially or completely occludes the lumen of 
the vessel. As the patch, devoid of any vascularity, groAvs, its deeper 
part near the media undergoes necrosis since it is far removed from the 
circulating blood in the lumen,, and insulated from the A'asa in the 
adventitia, by the media. If this necrosis extends to the surface and 
iiiAmlves the endothelium, an atheromatous ulcer develops, Avith thrombus 
formation supervening. Vascularity at the margin of the plaque is 
described by some but not emphasized, for the healthy A'essel Avail has i 
not been shown to have its oaaii blood-carrying channels except in the> 
adventitia and outer half of the media, and no implication of such chan-] 
nels playing any significant role in the manifestation of atherosclerosis 
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lias been forthcoming. Tliey have been stressed in sypliilis and also 
in rheumatic fever, but these have been regarded as specific types of 
lesions and not pertinent in any consideration of atherosclerosis. 

The methods adopted for this study involve the clearing of tissues by 
vell-lmomi means to increase their translucency. The principles in- 
volved require no elaboration; the optical nature of the clearing agent 
as well as its solvent or other action on the tissues plays a role in the 
effectiveness of the whole process. In addition, the removal of mineral 
deposits by decalcification cither prior to clearing or after, with re- 
clearing in the latter event, is an invaluable aid, bringing to view 
hitherto undisclosed channels which are then available for gross or 
micro-injection with the aid of the dissecting microscope. The latter 
is an indispensable equipment, allowing the clearing processes to be 
followed closely, and facilitating dis.scetion of the various coats of an 
artery. 

It has been possible to demonstrate a remarkably extensive pattern 
of circulation in the aorta of the cow. When the ve.ssel is injected with 
India ink from the proximal end, with the branches and distal end 
ligated, the adventitial circulation becomes evident at once. These ves- 
sels in the cleared specimen arc seen to penetrate the media for a great 
distance and at times actually to connect with the lumen of the ve.ssel 
through verj^ small orifices. When the aorta is opened and a wide- 
mouthed cannula connected with an injection apparatus is placed over 
the mouth of a branch, small ve.ssels arising from the lip of the mouth 
of the branch become conspicuous. These course under the intima and 
anastomose freely with the above described adventitial ve.ssels and with 
the branches of the minute vcs.sels which arise independently from the 
lumen of the aorta. When the injection cannula is placed over such a 
minute orifice, this vessel may be injected independently. The rami of 
vessels arising from these several .sources: (1) the adventitia, (2) the 
mouths of branches, (3) independent orifices, ana.stomose freeh’- in the 
wall of the aoiha of the cow. This patleim is demonstrable to a variable 
extent in the vessels of several .species of animals. 

The developmental basis for .smeh a vascular pattern has been laid by 
the careful inve.stigalions of Bremer.^ The patteni is demonstrated 
with faeilit 3 ' in the veins of man, and it is unnece.ssary to do more than 
direct attention to the heart — an adapted ve.ssel with its coronary and 
so-called thebesian circulation as described recently by Wearn and his 
associates^ to realize that it would not be remarkable if a similar pat- 
tern were demoirstrable in the arterial w.all of man. That this pattern 
is difficult to show in its entirety' in all human arteries is undeniable. 
Brcquentlj , however, in the coronaries and in the abdominal aorta veiy 
minute vessels are encountered ari.sing independently from the wall and 
running to the adventitia where they ana.stomose in the rich adventitial 
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plexus. Occasionally such vessels, as they penetrate the aorta, are seen 
to give off small branches to the intima and media. After examination 
of many human arteries, it must be emphasized that vessels are seldom 
demonstrable in the intima or in the inner half of the media when no 
irritative, obliterative, or morbid proce.ss is present. The basic pattern 
becomes clearly visible, however, and often exaggerated in many of the 
processes that involve the vessel, including, in addition to atherosclerosis, 
the physiological obliterations as in the ductus arteriosus, and the 
lengthening and inelasticity associated with senility. Emphasis is laid 
upon this vascular pattern since in its topographical extent it partially 
determines the location and nature of the pathological processes. 

One of the commoner manifestations of this vascularity is hemorrhage 
in the wall of blood vessels, occurring in or between any of the several 
coats, and sharing with the vascular network the safety of relative ob- 
scurity until injection and clearing bring both to view. The extent and 
status of the extravasated blood vary. It occurs as scattered well- 
preserved free cells, as phagoeytized particles in the monoejde and as a 
residue of iron, demonstrable with Turnbull’s well-known Prussian blue 
reaction. It is found in the grossly opaque yellow linear patches en- 
countered in the aorta, often in young people dying of acute disease. 
It is found again as larger bright red, more or less oval masses in the 
depths of a thickened intima where supposedly tli^ere are no vessels. 
Again the extravasation may be more diffuse, like an ecchymosis. There 
is every reason to believe that such escaped blood can assume the charac- 
teristic-forms of hemorrhage in any other tissue, modified only bj’’ the 
phj'-sieal characteristics of the area in which it finds itself. 

Such hemorrhages are encountered with great frequency and are not 
confined to any vessel or group of vessels. The literature cites instances 
of adventitial hemorrhages occurring both in man and in animals subject 
to a number of different diseased states, but as far as is Imown they are 
not frequently described in the intima or the media. In a recent publica- 
tion Paterson,^ in studying a series of coronary arteries in which throm- 
bosis had occurred, discusses hemorrhage in tlie intimal tissue and de- 
scribes small vessels in the intima arising from the lumen. 

It is not surprising that many hemorrhages are seen at or near the 
origin of branches, since the small vasa which so frequentty arise from 
the lips of such branches divide and subdivide to form an extensive 
plexus about the branch and also extend for some distance in the wall 
of the artery. These small vessels are seen frequently to be compressed 
around an oval clot in the wall, to run to the edge of a clot, or to course 
through areas of extravasated blood. Likewise, small vessels are found 
which arise from the lumen directly and which can best be described 
as trees with the bases of their trunks at the surface of the intima, their 
ramifying branches ornamenting the depth of the intima and every now 
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and again coming into contact with a hemorrhage. The impression 
must not l)e given that vascularity and hemorrliage are always coin- 
cidental, for this is not the ease. While it is usually possible to demon- 
strate vascular channels in association witli hemorrhage, this is not 
invariably true, and certainly very extensive vascular channels, even 
sinu-soid-like passages, are found in the thickened intima where no 
hemorrhage can be seen. 

Subsequent changes of the extravasated blood in the intima again 
reveal unexpected findings. There appears to be a gradual accumula- 
tion at tlie site of the liemorrliage of fatty material which is slainable 
with Sudan III and which freciuently contains the .so-called “cholasterin 
clefts,” giving the appearance of the classical atheroma. It is rea.sonablc 
to suppose, therefore, that this fatty material is derived from, and 
eventually replaces, tlie blood of the original hemorrhage, a procc.ss 
analogous to the apparent changes observed in hemorrhages in thyroid 
adenomas and in cavernous hemangiomas. Such a conclusion is borne 
out by the fact, repeatedly confirmed, that a typical yellow atheromatous 
plaque may, on careful examination by the methods outlined above, 
show at its periphery a network of capillaries containing red blood cells 
and anastomosing, outside the zone of fat and necrosis, with obviou.sly 
well-delineated and well -functioning blood channels. Often, too, the 
injection mass wiU merge with the blood and the cholasterin-eontaining 
fatty material of the atheroma. This happens only when the atheroma 
has softened, as it undoubtedly does at some stage. Evidence to sup- 
port the statement is encountered Avhen a partially disintegrated, bulging 
mass that resembles an egg yolk in color is cut with a .sharp razor and 
its viscid content escapes. Natui’ally when such a focus in the intima 
extends to and through the endothelial lining of the lumen, it may dis- 
charge itself to form an atheromatous ulcer, and in such a cavity fre.sh 
blood may accumulate not only from the lumen but also from bleeding 
ve.s.sels in the depths of the crater. 

The transformation of the fat-rich necrotic ma.ss into calcified ma- 
terial may take place by a mechanism similar to that de.scribed by Klotz, 
involving saponification of fatty acids to form calcium soaps with sub- 
sequent transformation into calcium pho.sphate and carbonate. On .such 
a basis the form of the ultimate concretion, whether sheetlike or roughly 
spherical, would depend upon the shape of the original extravasation 
or perliaps upon another fact, quite the same in principle though de- 
pendent upon slightly different physical conditions, which uill be 
described in the following paragraph. 

.-\s has been said, the va.scular channels may become very con.spicuous 
in the thiokened intima. Often they tend to arrange themselves parallel 
to the lumen of the vessel, and they may be traced from their origin at 
the intima above the thickening to their exit from the wall below the 
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thickening, perhaps into the lumen of the same mother vessel or into 
theJarge channel of a nearby branch. The impression is obtained that 
they may act as by-passes or detours when the lumen of the mother 
vessel is narrowed and even obliterated. The similarity of this intra- 
mural pattern to that of extramural adventitial collaterals, so strildngly 
depicted by Luigi Porta"* as long ago as 1845 after experimental liga- 
tion of arteries, sustains this interpretation. The pattern may become 
ver 3 ^ intricate, and the differentiation between it and the complex canal- 
ization of thrombi ma.y become very difficult, if not impossible. This 
phase will not be dealt with now. Attention is drawn to these intra- 
mural channels, which are often larger than the narrowed lumen of the 
original vessel, because they arc subject to great variations in length and 
width, and despite the free anastomoses that they frequently exhibit 
may be isolated from the circulation by constriction of tlieir mouths by 
one or another event. If this happens, the blood in these vessels stag- 
nates, and it is probable that clotting may occur, although evidence for 
this has hot been developed. Blood in such a vessel may go through all 
the transformations of an extravasation within tlie vessel wall, as de- 
scribed above. And it may be converted through the fatty stage to 
stone. This, then is the formation of a ‘dith” from blood — a second 
method for the production of calcified masses. . 

Among the interesting Tacts encountered none have been more illumi- 
nating than those associated with olilileration of the ductus arteriosus. 
At birth its wall seems quite avascular; within twelve hours, when it 
may be contracted to partial occlusion, ve.ssels are demonstrable in the 
wall arising either from the adventitia or the intima. At two months 
the lumen is more or less occluded by an extremel.v vascular connective 
tissue, the vessels of which come from tlie intima of the pulmonary 
artery and aorta, as well as from the adventitia of the ductus. They 
vary in width, and sinusoid-like dilatations are not infrequent. Even 
at this age opacities and concretions are found in these dilated channeLs, 
and in specimens from older individuals more or less calcification is en- 
countered. The entire ductus may lie a series of such stones, and they 
may extend to the subintima of the aorta where a sheet of hard lime may 
be spread out and may surround the closed orifice of the ductus. 

Obviously, the blood encountered so frequently in the walls of the 
blood vessels can only get there through preexisting channels. ‘‘Skim- 
mers” that function to accumulate fluid witliout formed blood elements 
have not been demonstrated. The question concerning the nature of 
the tissue response to the extravasated blood cannot be more than 
touched upon at this time. The proliferated intimal tissue varies tre- 
mendously in the proportion of capillary vessels and connective tissue, 
as has been frequently demonstrated by both injection and by study of 
stained sections. This variability 'may be dependent upon the pre.sence 
of specific .stimuli, as well as upon intrinsic constitutional factors. 
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SUMMARY 

The above presentation attempts to emphasize the following; 

1. The importance of continuity of anatomical study so that topo- 
graphical relations are clarified rather than lost by higher magnifica- 
tions. 

2. The value of clearing agents and of injection masses in such study. 

3. The pattern of mural circulation in the vascular system including 
the arteries and the veins in man and bea.sts. 

4. Hemorrhage derived from intramural circulation as an important 
element in the development of athcro-selerosis. 
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HYPERTENSION PRODUCED BY CONSTRICTION OF THE 
RENAL ARTERY IN SYMPATHECTOMIZED DOGS^- 

Norman E. Freeman, M.D., Phieadelphev, Pa., and 
Ir\^ne H. Page, ]\I.D., Nem' York, N. Y. 

H ypertension lias been consistently produced in experunental 
. . animals by compression of the renal artery .’*■* No entirely satis- 
factory explanation for the rise in blood pressure has yet been offered. 
Evidence has been presented that the hypertension occurs in spite of 
removal of one adrenal and denervation or demedullation of the otlier.’ 
Bilateral splanchnic nerve resection does not alter it"’ nor does section of 
the anterior spinal nerve roots from sixth thoracic to the second lumbar 
segments."^ The renal nerves are not necessary for its development.-- ^ 
Since the control of the arterial pressure is chiefly dependent upon the 
peripheral resistance, the cardiac output and the blood volume, the jiart 
plaj-ed by these physiological mechanisms in tlie genesis of experimental 
hypertension -was investigated. 

3IETHODS 

Dogs -v'ere used in all of our experiments. They ranged in -weight 
from 9 to 15 kilos. The systolic and diastolic blood pressures were taken 
by the auseultatoiy method.-'** ’ The bell of the stethoscope measured 
2.2 cm. in diameter and was strapped to the anterior medial aspect of 
the aiilde, at or just above the joint. A pneumatic cuff 5 cm. in width 
and 14 cm. long, encased in a cloth bag 5 by 28 cm. was wound around 
the leg just above the ankle. The dog was trained to lie on its right side 
and the pressure taken from the right hind leg. Systolic blood pressure 
values obtained by the auscultatory method agreed closely with those 
obtained in two dogs witli van Leersum carotid loops. 

Hypertension was produced by constriction of the renal arteries, as 
first described by Goldblatt, Lynch, Hanzal, and Summerville.^ 

Total sjunpatheetomy was performed in three or four stages under 
amj’tal (25 mg. per kg.) and intratracheal, positive-pressure, ether 
anesthesia. The technique employed was similar to that described for 
cats by Cannon, Newton, Bright, IMenldn, and Moore.® Care was taken 
to ensure complete removal of the s^^npathetie chains. At the first stage 
of the operation, the right thoracic sympatlietic chain was removed from 
the stellate to the twelfth thoracic ganglion. A black thread or silver 
clip was attached to the upper end of the right abdominal chain as a 

•Prom the Harrison Department of Surgical Research, University of Pennsylvania, 
and the Hospital of tlie Rockefeller Institute for Medical Research. 

Read before The American Heart Association, section for the study of the 
Penpheral Circulation, at Atlantic City, N. -T., June 7, 19S7. 
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inarker. At the .second .stage, through an abdominal incision, the right 
chain 'vvas freed from the ])romoniory of the sacrum and was followed 
up under the diai)hragm until the marker was reached. At the same 
stage, the left abdominal chain Avas resected from the fifth lumbar 
ganglion to the diaphragm and a marker Avas placed on the loAver end 
of the left thoracic chain. At the final stage, the left thoracic chain Avas 
folloAA'cd down from the stellate to tlie tAvelfth thoracic ganglion, under 
the diaphragm, until the marker AA'as located. 

Cardiac denerA-ation and thoracic sympathectomy Avere performed in 
tAvo .stages by the intrathoracie approach. A modification of the tech- 
nique u.sed in eats, de.sei'ibed by Cannon, Lbaais, and Britton” A\’as em- 
ployed. Through the fourth right interspace the sympathetic chain Avas 
freed from the eighth thoracic ganglion to the .stellate ganglion. After 
the hi'anches of this ganglion to the brachial plexus and intercostal 
nerA^es had been soA-ered, the parietal pleura ju.st cephalad to the in- 
nominate A-ein AA'as incised. By blunt dissection the A'agus nerve Avas 
exposed and the reeun-ent laryngeal nerv’c identified in its course around 
the subelaA'ian artery. The middle cerA'ical ganglion is intimately at- 
tached to the vagus approximately at the point at AA'hieh the recun’ent 
lai’ATigeal nerA'e leaves the trank.’” All branches of the right recurrent 
ncTA'c Avere scA'ered and the vagus trunk diAnded beloAV the point at 
Avhieh the recurrent laryngeal leaA'cs it. The trunk AA'as then again 
diA'ided heloAV the middle ceiwical ganglion and after division of one 
arm of the ansa Vicu.sseni, the SA-mpatlietic chain AA'as remoA'ed Avith the 
middle cervical ganglion and a .segment of the A-agus trunk in one piece. 

On the left side, an incision AA'as made in the fourth interspace. The 
.stellate ganglion Avas identified and all the branches diA'ided except one 
limb of the ansa Vieusseni. This limb was then folloAA'cd up to the mid- 
dle cerA'ical ganglion. By sharp and blunt dissection this ganglion AA'as 
freed from the A'agus and Asas remoA-od Avith the sympathetic chain to the 
eighth thoracic ganglion. All branches of the left vagus Avere cut from 
the region just aboA'c the site of the middle cervical ganglion to the root 
of the lung. By this operation, all cardiac nei’A'es Avere scA'cred, Avhile 
the recurrent larAotigeal nerve AA'as saA'cd on the right side. On the left 
side the main trunk of the vagus Avas saved to .supply the gastrointe.stinal 
tract. 

^ The pla.sma A'olume AA'as mea.s'ured by spectrophotometric determina- 
tion of the di.sappearance curve of the dye “T-1824” according to the 
technique of Gregersen, Gib.son, and Stead.®” 

RE.STjlvT.S 

A. Hympnihrdic VmonuAor C'onfroZ.— Total sympathectomy did not 
pre-vent the development of hypertension from compre.ssion of the renal 
art^s. The result presented in Fig. 1 Avas confirmed in six other dogs. 

•The Uye- wm obtained throtiRh the I:indnc.<?« of Dr. Grcgo.'-fion. 
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Fiff. 1. — Effect of application of Goldblatt clamps to renal arteries on systolic and 
diastolic blood pressure of sympathectoniized dos. The unbroken sympathetic chains 
are shown above the chart. 


Blood pressure 
300 T 



Bays- JO 30 30 40 50 60 

Fig. 2.— Reduction of spontaneous high blood pressure in dog bv total svmpathectomy. 
H5'pertension then produced by constriction of the right renal arter.v. 
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Fig. 2 illu-strates the decrease whieJi -vvas produced by sympathectomy 
in a dog with spontaneou.s elevation of blood pressure. With the pre.ssure 
at a normal level following sympathectomy, application of a Goldblatt 
clamp to the right renal aifery caused a prompt increase of the pre.ssure 
to a hypertensive level. 

In contrast to the reduction of blood pres.sure produced by sympa- 
thectomy in the normal dog, with moderate .spontaneous elevation of 
blood pre.ssure, Fig. 3 show.s that the hypertension produced by com- 
pression, of the renal arteries was not materially affected by sympathec- 
tomy. 



I- Ip. .i. — showjn;,' tliril the h>-t)ertcns!on profluced by compres.slon of the renal 
arteries is not matcriaily affected by p.-oBre.s.sive sympathectomy, A photograph of the 
two sympathetic ciiain.“ and tlie adrenal gland is shown at the top of the chart. 


If tlie elevated blood pre.s.sure in tlie dog made hypertensive by con- 
striction of tlie renal arteries was the result of increased .sympathetic 
activity, a fall in blood pressure would be expected upon the adminis- 
tration of large doses of ergotamine tartrate.‘=^ On the contrary, in 
two dogs, an additional rise was obtained as depicted in Table I. These 
data are merely .suggestive as it was not po.s.sible to reverse the pressor 
effect of 0.3 c.c. of 1:1000 adrenalin (intravenous) by such large do.se.s 
as 3 mg. of ergotamine tartrate given by vein in unancsthetized hyper- 
len.sive dogs. 
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Table I 

Effect of Ixtravenocs Administration of ErgotxVmine Tartrate on Blood 
Pressure of Dog With Hypertension Froji Compression 
OF the Renal Arteries 


Control B.P. level = 210 uini. Hg 
1 mg. gynergen intravenously 

4 minutes later B.P. = 20(5-216 nim. 

5 minutes later B.P. = 230 
10 minutes later B.P. = 240 
20 minutes later B.P. — 216 

24 hours later B.P. = 190-200. Heart rate SO. 

3 mg. gynergen intravenously 
10 minutes later B.P. = 240-250. Heart rate 48. 

25 minutes later B.P. ~ 230. Vomited. 


B. Reflex Cardiac Control . — Total st-mpatliectom.y in tiie dog does 
not abolish . the power of reflex cardiac acceleration, since cardio-accel- 
erator fibers have been reported to run in the vagus nerves.^^ It was 
therefore possible tliat the rise in blood pressure in the svmpathec- 
tomized dog, after application of clamps to the renal arteries, was due 
to the reflex cardiac excitation. Pig. 4 shows the rise in heart rate with 
elevation of blood pre.ssure from the administration of atropine sulfate 
(0.2 mg. per kilo, intravenously) to the completely sympathectomized 
dog. 

After tlie lieart has been denervated by intrathoraeic section of all 
tlie cardiac nerves, no acceleration takes place after the administration 
of atropine. In Fig. 5 are presented parts of tlie original record taken 
from one of the four dogs in which cardiac denervation was successfully 
completed. In none of these animals was hypertension from compres- 
sion of the renal arteries prevented. 

Combined total .sympathectomy and cardiac denervation was success- 
fully performed on one hypertensive dog. Even in this animal, as can 
be seen in Fig. 6, the hypertension was not reduced. A clamp was ap- 
plied to the left renal artery at the last stage of the total sympathectomy. 
A slight additional rise in blood pressure was observed after this opera- 
tion. 

After the first two operations, the heart was completely denervated. 
Acceleration is then chiefly dependent upon the secretion of adrenine. 
At the third stage, the right adrenal was denervated by removal of the 
remainder of the right sympathetic chain. The left adrenal was still 
normally innervated. It may be seen from the chart (Fig. 6), that the 
basal heart rate over the week preceding the final stage varied between 
92 and 104 beats per minute. After the fourth operation, when the 
remaining adrenal was denervated by removal of the remainder of the 
left sj mpathetie chain, the rate of the denervated heart did not decrease. 
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This stability of heart rate, indicated that there probably was not an 
increased mediilliadrenal secretion during the course of hypertension 
produced bj’’ compression of the renal arteiy. 

C. Blood Volume . — The third physiological mechanism to be investi- 
gated as a possible source of elevation of blood pressure, was the plasma 
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pjc. 6. — Effect of cardiac denervation and total sympathectomy on heart rate of 
dog with hypertension produced by compi'ession of renal arteries. Right renal ai’tery 
clamped two weeks before experiment started. 
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Fig. 7. — ^Effect of hypertension produced by constriction of renal artery on blood 
pressure and plasma volume of sympathectomized dog. , 


volume. It was determined on one normal and two sjunpathectomized 
dogs before and after the production of hypertension. As can be seen 
from Fig. 7, there was no demonstrable increase in the plasma volume 
as tiie dog developed liypertension. This result was confirmed in the 
normal and second sympathectomized dog. 
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COMMENT 

The production of hypertension by compression of the renal arteries 
in the completely sympathectomized dog (Figs. 1, 2, 6 and 7) is in 
accord witli the observations of other investigators’- who studied 

the effects of partial sympathectomy on this type of hypertension. The 
completeness of the operative procedures in these experiments was con- 
firmed by inspection of the sympathetic chains (Figs. 1 and 3). Post- 
mortem dissection of three sympathectomized dogs, which died several 
days after the production of hypertension, failed to disclose overlooked 
ganglia or regenerated .sympatlictie fibers. 

Eesection of both thoracolumbar chains, although it disconnects the 
blood vessels from reflex control of the sympathetic nervous system, 
does not remove all the sympathetic ganglia. There are ganglia located 
in the periphery, .such as the superior cervical, celiac, superior and in- 
ferior mesenteric ganglia, which may be of significance. Evidence has 
reeentlj’ been brought forward by Govaerts,” that a discharge of im- 
pulses takes place from the stellate ganglion, even though the pre- 
ganglionic sjnnpathetic fibers coming to it from the spinal cord have 
been divided. These observations have not yet been confirmed. Even 
though these outlying sympathetic ganglia arc found to be physiolog- 
ically active, it is unlikely that they are of significance in the develop- 
ment or maintenance of hypertension since their connections with the 
central nervous system have been .severed. There is .still the po.ssibility, 
however, that the.v might be activated through stimulating agents car- 
ried by the blood stream. 

The blood pre.ssure of normal dogs drops for some days after removal 
of both sympathetic chains.’- In one of our animals with spontaneous 
hypertension (Fig. 2) a similar fall is illustrated. The hjT)ertension 
produced by denervation of tlie carotid sinuses and section of the de- 
pre.ssor nerves, also disappears after total sympathectomy.’® Yet in 
the dogs in which hypertension was produced by compre.ssion of the 
renal arteries, the blood pre.ssurc was not reduced to normal, even im- 
mediately after operation (see Fig.s. 3 and 6). In “carotid sinus” hj-per- 
tension, an increase in adrenal secretion has been noted.” In our ex- 
periments, there was no evidence of an increase in activity of the 
adrenal medulla (Fig. 6). From these observations, it would seem un- 
likely that the hypertension from compre.ssion of the renal ai-teries was 
the re.mlt of increased activity of the .sympathetic nerv-ous .system or the 
adrenal medulla. 

The completely .sympathectomized dog is able to engage in vigorous 
physical work with only slight impairment of efficiency.’® The in- 
creased cardiac activity produced through the cardio-aecelerator fibers 
of the vagu.s nerves, probably a.s.si.sts in maintaining an adequate head 
of pres-sure in the arterial .system. In order to eliminate reflex cardiac 
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control as a mechanism for the production of " renal’ ' hypertension, it 
was necessary to denervate the heart by intrathoracic section of all 
cardiac nerves. Even denervation of the heart, combined with total 
sjunpathectomy (Fig. 6), did not prevent the development of hjTier- 
tension. 

Determinations of the plasma volume in experimental '‘renal” hyper- 
tension have not been reported. In clinical cases of nephritis^® and 
hypertension^® no consistent increase has been observed. The unchanged 
plasma volume in hypertensive dogs, found in these experiments, is in 
agreement with the observations in clinical cases. 

SUMMARY 

1. Complete sympathectomy, in seven dogs, did not prevent the de- 
velopment of hypertension from compression of the renal arteries. 

2. The level of the hjTiertension was not materially affected during 
the course of total sympathectomy. 

3. There was no evidence of increased meduUiadrenal secretion. 

4. Injection of ergotamine tartrate (3 mg.) produced a slight further 
increase in the hypertension in two dogs but this dose was insufficient 
to reverse the pressor effect of adrenalin (0.3 c.c. 1:1000 intravenously). 

5. Deneiwation of the heart, combined with total sympathectomy, did 
not influence the course of the hypertension. 

6. The plasma volume, in one normal and in two sympathectomized 
dogs, was not increased as the hypertension developed. 

CONCLUSIONS 

Hypertension produced by compression of the renal arteries is not 
mediated througli increased peripheral resistance of reflex sympathetic 
vasomotor origin. 

It is not the result of reflex changes in cardiac activity. 

It is not accounted for by an increased volume of plasma. 

Tliese observations suggest that the knomi physiological factors which 
normally control the level of arterial pressure are not etiologically sig- 
nificant in the genesis of experimental hypertension, produced by com- 
pression of the renal arteries. 
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THE PHYSIOLOGICAL EFFECTS OF EXTENSHH: 
STMPATHECTOAIY FOB ESSENTIAL HYPEBTENSION^= 

Edgar V. AI:iLE^^. 21.0.; and Alfred W. Adson, 2I.D. 
Edghester, 2'Lnn. 


T his study of physiological eliauges resulting from extensive sym- 
patliectomy is based on forty-five patients who were operated on 
for essential hypertension from February, 1935 to January, 1937. 
Studies of patients operated on since January, 1937 are not included 
in this report. The technique used, which has been described in detail 
elsewhere,^’ ^ consists of bilateral subdiaphragmatie, extraperitoneal 
resection of the splanchnic nerves, celiac ganglions, and the upper two 
lumbar sjunpathetic ganglions. The second operation is performed 
about ten days after that on the opposite side. In twenty-five instances 
partial suprarenalectomj^ was performed; one-third to two-fifths of 
each gland was removed to see if this would accentuate the effects on 
blood pressure of extensive sympathectom^^ Surgical treatment of 
hypertension has been attempted because it is apparent that there is 
no means of controlling hj^pertension adequately, by nonsurgical man- 
agement, in many instances ; the high mortality from hj'pertension is 
adequate testimony for this observation.^’ ^ 

It is known that elevation of blood pressure in essential hyTiertension 
is due to a generalized increase in resistance to the flow of blood 
through the periphery of the arterial .system. The fault, which seems 
to be that of the arterioles chiefl}’, appears to be abnormal vasocon- 
striction or increased arteriolar tonus, at least in early stages of hy- 
pertension. -Later in the disease organic changes affecting small 
artei’ies and arterioles may contribute to increased resistance to the 
flow of blood through them. There is evidence that, at least in early 
hyjpcrtension, the abnormal state of the arterioles is an expression of 
abnormal vasomotor stimuli arising in the A’asomotor center, which 
are ti’ansmitted to arterioles by way of sympathetic nerves, or that 
the arterioles respond with an abnormal state of vasoconstriction or 
tonus to normal stimuli transmitted by way of the sympathetic nerv- 
ous .system. In advanced hypertension the arterioles may assume an 
independent function of increased resistance to the floAv of blood 
through them either by virtue of structural changes or by virtue of 
an inherently increased tonus independent of stimuli transmitted over 
the sympathetic nervous .system from the vasomotor center. Gold- 
blatt's exiDerimental work' has 'shoAvn that diminution of blood supply 
to the kidneys produces hypertension closely simulating essential In- 
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pertension of man. 'Whether or not this mechanism of elevation of 
blood pressure is eifective in essential hypertension of man cannot, at 
present, be either categorically aflfirraecl or denied but the possibility 
of it must be considered. 

The chief purposes of sympathectomy are disconnection of the arte- 
rioles from tlie vasomotor centei’, thus inducing a state of decreased 
tonus or of decreased vasoconstriction, and of increasing blood flow 
througli the kidneys by perfoi*ming sympathetic denervation of them. 
The reduction of blood pressure by operation may depend on either 
or both of tliese effects which may decrease the resistance offered by 
arterioles to flow of blood tlirougli them. Previous experience with 
cervicothoraeie and lumbar sympathectomy indicated that these pro- 
cedures were of little avail in the treatment of essential hyperten.sion. 
The failure of these procedures .seemed based largely on the probable 
fact that too .small a part of the arteriolar bed was sympatheetomized 
or that sympathetic denervation of the Iddnej's was not accomplished. 
The next logical step was splanchnic and upper lumbar sympathectomy, 
for within the abdomen there exists a relatively enormous arteriolar 
bed. Diminished liberation of epinephrine from the suprarenal glands 
may occur incidental to operation and may perhaps contribute impor- 
tantly to reduction of blood pre.ssure. Also extensive .sympathectomy 
for h.vpertension may decrease a state of increased tonus in the arte- 
rioles of the kidneys, thus improving eii’culation to them and reducing 
blood pressure. 

Experience has taught us that the surgical procedure employed does 
not produce uniform effects on blood pressure. We recognize that 
return of the blood pressure to normal is desirable in essential h^'per- 
tensiou but that this does not occur routinely as a result of operation. 
However, we believe that while such an accomplishment is desirable 
it is not necessary, for substantial reduction of the blood pressure may 
relieve .symptoms, prevent the disastrous results of sustained abnor- 
mally high blood pressure, and prevent marked increases in blood 
pre.ssure resulting from emotional stimuli which are themselves hai-m- 
ful. We do not believe that surgical operation for hypertension is 
necessarily the ultimate contribution to the treatment of tliis serious 
condition but the results which we have observed following operation 
have encouraged us to continue with this type of treatment until a 
better method has been devised. 

.SIXECTION or I’ATIENTS WITH E.SSENTIAL HYPERTENSION 
FOR I^IXTENSIVE SYMPATHKCTO.MY 

Some patient.s with e.ssential hypertension do not require operation 
for the elevation of blood pre.ssure is not gi-eat, does not gradually 
increase, and does not produce significant changes in the arterial sys- 
tem. Perhaps, as more information is gathered relative to the effects 
of operation, more patients who have mild, apparently nonprogres.sive 
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hj’^pertehsioii Avill be operated on as a propb.ylactic measure. However 
at present we reserve operation, largely, for patients ivliose hyperten- 
sion, if mild, is definitely progressive in spite of medical supervision 
and for those wlio have severe hj’pertension which has not responded 
to medical treatment. Following extensive sympathectomy the blood 
pressure is not decreased in the same degree in all cases of essential 
hypertension in which permanent reduction of blood pressure is an 
urgent need. If jiatients of this classification vdio have this disease 
are operated on, the results vary from extremelj' good to very poor. 
This has led ns to attempt to select, from a large group of iiatients 
who have essential hypertension, those Avhose blood pressures Avill 
respond favorably' to operation. "We knoAV no infallible criteria for 
such a selection at the present time. However, patients vdiose blood 
pressures decrease to normal or nearly to normal as results of rest or 
sleepv of oral administration of 3 grains (0.2 gm.) of sodium amjdal 
hourly for three successive hours, of administration of one-half grain 
of sodium nitrite at half-hour inteiwals for three hours, and of the 
sloAv, intermittent, intravenous injection of a 5 per cent solution of 
pentothal sodium for light anesthetization, receive the greatest benefit 
from operation.^* Good results from these tests indicate to us that 
the arterioles offer increased resistance to floiv of blood through them 
largely by virtue of fmictional, hence reversible changes; not as a 
result of organic, hence largel.y irreversible clianges. Conversely, those 
patients vdiose blood pressures do not decrease satisfactorily as a re- 
sult of these measures, benefit from operation, as a group, to a sub- 
stantiall.v less degree than do those wliose pressures are still labile. 

Unfortunately for extreme accuracy of prediction of results of op- 
eration, an ocea.sional but infrequent patient Avhose blood pressure does 
not decrease satisfactorily as a result of rest, of administration of 
amytal, of sodium nitrite, or of pentothal, receives benefit from opera- 
tion Avhile not infrequently a patient for whom prediction of excellent 
operative effects on blood pressure, based on satisfactory responses 
to the tests mentioned before operation, receives mucli less than the 
expected benefit from operation. In Table I it is shovm that when 
the response of the blood pressure to intraA’enous injection of pentothal 
is unfavorable the results of operation are almost uniformly unfavor- 
able and that Avhen the response of the blood pressure to the intra- 
venous injection of pentothal sodium is fairly good, the eventual result 
is fairly good. Hoivever, Avhen the re.sponses of the blood pressure 
to the intravenous injection of pentothal sodium are good, the eventual 
effects of operation on the blood pressure are occasionally much less 
satisfaetoiy. Since the greatest errors in predicting results occur vdien 
good results of operation are anticipated and since the tendency is to 
predict too good results on the basis of preoperative tests, Ave believe 


•Incomplete studies Indicate that pressure on carotid sinuses niav affect blond 
pressure to much the s.ame degi-ee that rest, amytal. sodium nitrite 'and pentothal 
affect jt. , 
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Tabijj I 

EprKCTS ON Blood Pressurk od PENTOTiiAii and Extensive Sympathectojiv 


RESI’O.NSE of 

BLOOD I’RESSUBE 

RESULT OP 

OPERATION 

ACCURACY OP 
PREDICTION 

TO pentothal 


PREDICTION 

ACTUAL 

158/132 

Dead ill seven mo. 

Poor 

Poor 

Good 

170/130 

160/120 (9)t 

Poor 

Poor 

Good 

165/122 

155/110 (11) 

Poor 

Poor 

Good 

184/134 

255/160 (9) 

Poor 

Poor 

Good 

] 46/106 

168/100 (9) 

Fair 

Fair 

Good 

150/112 

1.54/106 (8) 

Pair 

Fair 

Good 

158/112 

190/120 (7) 

Fair 

Poor 

Poor 

154/110 

194/120 (9) 

Fair 

Poor 

Poor 

148/114 

200/130 (6) 

Fair 

Poor 

Poor 

1.54/116 

170/115 (2) 

Fair 

Fair 

Good 

132/106 

174/118 (10) 

Fair 

Fair 

Poor 

158/ 98 

194/120 (6) 

Fair 

Poor 

Poor 

120/ 90 

140/100 (5) 

Good 

Good 

Good 

142/100 

150/ 90 (4) 

Good 

Good 

Good 

118/ 90 

170/100 (10) 

Good 

Fair 

Fair 

140/100 

ISO/IIO (5) 

Good 

Fair 

Fair 


•Mean of three determinations. 
tMonths after operation. 


it advisable to accept the least favorable respon.se of the blood pres- 
sure to re.st and sleep, and to administration of amytal, sodium nitrite, 
and pentotlial as the ba.sis of preoperative prediction. We do not con- 
sider appai’cnt sclerosis of tlie retinal arteries, moderate enlarg’ement 
of the heart, inversion of T-waves in cleetrocardiog’ram.s, albuminuria, 
slight reduction in renal function or cerebrovascular accident from 
which reeoveiy has been satisfactory, contraindications, in themselves, 
to operation. However, we do not advise operation for patients who 
have congestive heart failure, marked renal insufficiency, advanced 
ai terioselerosis, or angina pectoris. Perhaps as experience increases 
some of these patients may be considered suitable subjects for operation. 


jrORTALITY AND MOUBIPITV 

A series of eighty -five successive operation.s lias been performed with- 
out a death. Tliree patients Itavc died .subsequently. A girl, seven years 
of age, witli hypertension of Group IV (malignant hypertension ) 
and repeated convulsions died seven months following operation which 
did not influence the blood pre.s.sure significantly. A man, aged forty- 
one %ear.s, with renal and nu'ocardial failure owing to hyperteiLsion 
of Group II died .seven months after operation which did not .signifi- 
cantly influence blood pressure. A woman, twenty-five years old, with 
hypertension of Group HI which was fixed sufficiently that the m/nimal 
blood pressures during rest and sleep were 160 and 120 died fourteen 
months following operation. Because of information we have r^ained 
we would consider none of tliese patients suitable candidates for opera- 
tion at tiie present time. A patient wliose blood pressure wa.s very 
la%orably influenced by operation and whose physical condition was 
go^omm.ttod suicide because of depression resulting from busine.ss 

•TIk; classmcailon of essential h>T>erten8ion Is that of Keith and Wagoner. 
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worries. Two patients have had cerebral hemorrhages. The remainder 
of the entire group of patients are not disabled although the blood 
pressure of many of them was not greatly decreased by operation, as 
will be emphasized later. The sj^uptoms of many patients of this group 
were not benefited by operation. 


EPPECT OP OPERATION ON BLOOD PRESSURE AND PULSE RATE 
WHEN PATIENTS STAND 

It is a common observation that after operation the blood pressure 
decreases and the pulse rate increases when the patient stands. While 
such reactions are common to some degree in many instances before 
operation, they are usuall}’’ greatly exaggerated after operation (Table 
11). These disturbances undoubtedly account, at least in a major de- 

Table n 

Effect of Upright Posture on Pulse Bate and Blood Pressure Pollowing 

Operation* 

(Ten Illustrative Cases) 


blood pressure 


PULSE 

RATE 


before operation 

after operation 

BEFORE operation 

AFTER OPERATION 

LTING 

standing 

lying 

STANDING 

LYING 

standing 

LYING 

STANDING 

220/110 

200/110 




104 

84 

120 

19 S /116 

200/126 


140/102 


108 

SO 

124 

154/110 

148/112 

134/94 



116 

76 

120 

150/108 

160/114 

128/92 


72 

124 

88 

115 

168/114 

182/130 


118/92 

88 

120 

120 

156 

182/116 

164/120 

140/112 

118/92 

80 

92 

92 

124 

200/110 

192/120 


148/116 

84 

100 

92 

138 

162/110 

162/122 

194/122 

94/78 

84 

108 ' 

88 

120 

210/138 

208/146 

178/118 




100 

138 

200/130 

165/120 

136/100 




84 

121 


*Two to three weeks following' operation. 


gree, for weakness (and occasionally syncope), breathlessness, and 
palpitation which are commonly noted by patients when they stand 
following operation. 

Usually orthostatic tachycardia and hypotension disappear gradu- 
ally over variable periods folloAving operation (Table III). This occurs 
independently of whether the effect of operation on the blood pressure 
M’as good, for in eases of poor and good results alike there is a gradual 
tendency of response of the pulse rate and blood pressure to the up- 
right position to be less marked as time passes after operation. Fre- 
quently orthostatic tachjmardia persists after orthostatic hypotension 
has disapiieared. 

EFFECT OF OPERATION ON THE RESPONSE OF THE BLOOD PRESSURE 
TO IMMERSION OP A H.4ND IN COLD WATER 

We place a good deal of importance on the response of the blood 
pressure to a standard stimulus, for which we use the cold test devised 
by Hines and Brown.® This test is carried out by determining blood 
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TABtE III 

The Effect of the Vphioht Pokteee ox Blood Peessuke; Vaeyixg Pctjops 

ArTEE OPEEATIOX 


^TEX iLEr.STEATn'E CaSES) 


! 

TlilE .'IFTE.E OFEE.IT/O.V | 


BLOOD rEF_SSL'EE 


S 

LVIXO ! 

STAXIJIXG 

Two weel:s i 


170/120 i 

100/115 

Sixteen months 


188/120 j 

200/130 

Two weeks 

i 

1 

120/90 1 

80/00 

Four months j 


140/95 

1.3.5/.9.5 

Two weeks 

1 

104/112 ! 

138/120 

Ten months 1 

1 

[ 

214/1.30 1 

234/140 

Two weeks 

1 

194/122 ! 

94/78 

Tliree months 

i 

230/135 i 

255/100 

Two weeks 

{ 

i 

i 

16S/112 j 

132/100 

.Six rnontlis 

\ 

100/140 1 

152/130 

Two weeks 

i 

170/9.5 j 

80/50 

Two months 

1 

210/120 

192/120 

Two weeks 

j 

148/104 1 

1.34/110 

Ten months 

1 

10.5/122 j 

18.5/135 

Two weeks 

! 

110/80 1 

80/05 

Ten months 

1 

108/88 ‘ 

1-34/98 

Two weeks 

1 

134/90 1 

122/90 

Eijrht months 

1 

j 

118/94 1 

120/90 

Two weeks 

i 

118/88 > 

0S/.58 

Four montIi.= 

1 

110/80 ; 

115/100 


pressure with the patient restiii". until it reaches a basal level. A hand 
is then immersed to the v,*rist in water at 4° C- for one minute and 
blood pressure determined at the end respectively of thirty seconds 
and of one minute of immersion of the hand. The liighest value is 
considered characteristic of the response. "We believe that the response 
of the blood pre.ssure to this te.st is a measure of the way in which it 
re.sponds on innumerable occasion.s to such stijnuli a.s anxiety, fright, 
and mental .strassc>s and .strains. In Table IV it is .shomi that when 
the blood pressure has been favorably influenced by operation, the 
increase in it as a result of the cold test is greatly reduced in most 
in.«tancc.s. Tliis is particularly true of the sy.stolic blood pressure. 
When operation does not produce a significant decrease in the blood 
pressure, tlie I'csponse of it to the cold test is ordinarily le.ss than be- 
fore operation but distinctly abnormal (Table V). As in cases in ■'.vbieh 
operation has produced significant decrease in blood pressure, the 
sy.stolic blood pressure responds less sharply to the test than does the 
diastolic pressure. 


J'J’FK<'T OF OfTZE.'.TJOX O.V syMfTOSi.S RiC-SrETJXf; F'EOJI Hrt'ERTEN'.SIOX 

rijc efTect of operation on symptoms. rvhiJe variable, is roiifrhly pro- 
portional to the enect on blood pressure. However, not infretpientlv 
lust’.ents note relief of heodpsehe. fatigjje, pain in the chest, '‘dizziness,’’ 
and nen-onsness in spite of the fact that the blood pressure has not 
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Table 

Response, of the Blood Pressure to the Cold Test in Cases in Which the 
Effect of Operation on the Blood Pressure Was Favor^vble 


(Fifteen Illustrative Cases) 


before operation 

AFTER OPERATION 

168/118 to 192/132 

128/100 to 138/104 

200/110 to 250/130 

170/95 to 210/120 

190/135 to 260/170 

128/100 to 154/122 

. 190/110 to 238/130 

136/80 to 170/108 

158/118 to 184/120 

330/90 to 164/300 

198/116 to 278/160 

160/106 to 198/330 

200/130 to 240/150 

336/300 to 140/104 

154/110 to 178/126 

134/94 to 144/118 

146/100 to 204/135 

132/90 to 158/118 

170/110 to 200/145 

130/100 to 17.5/130 

200/130 to 258/162 

140/100 to 160/100 

182/102 to 248/150 

140/90 to 188/128 

158/128 to 190/150 

126/94 to 150/128 

174/110 to 238/156 

112/86 to 146/124 

170/118 to 202/134 

150/106 to 170/120 


Table V 

Response of the Blood Pressure to the Cold Test in Cases in Which the 
Effect of Operation on Blood Pressure Was Not Favorable 


(Fifteen Illustrative Cases) 


BEFORE OPERATION 

AFTER OPERATION 

170/130 to 240/156 

160/122 to 390/136 

156/122 to 190/120 

152/118 to 185/328 

190/120 to 220/130 

170/120 to 185/130 

.180/120 to 214/144 

198/132 to 214/136 

200/130 to 240/158 

200/140 to 220/170 

170/120 to 256/150 

166/114 to 200/150 

182/116 to 230/150 

140/112 to 178/128 

210/134 to 232/170 

200/119 to 210/128 

192/120 to 238/146 

190/122 to 236/150 

180/112 to 240/140 

170/112 to 174/120 

192/120 to 230/165 

195/135 to 225/160 

170/120 to 235/160 

175/120 to 210/140 

190/120 to 240/175 

170/120 to 218/136 

200/136 to 250/146 

170/112 to 204/138 

170/118 to 236/160 

180/120 to 218/156 


been greatly reclnced by operation. It is iirobable that some of the 
symptoms associated witli liypertension, such as headaelie, maj^ occur 
only when the pressure reaches an excessiA'elj" high level. Operation 
which may reduce blood pressure only slightly maj* lower it enough 
so that some of the symptoms do not occur. There seems no other 
logicah explanation for the observation that relief of s.ymptoms is much 
more marked than reduction of blood pressure in many instances. In 
most instances in which the blood pressure has been greatly reduced 
by operation headache is relicA^ed, pain in the chest disappears, fatigue 
is lessened, and the patients gain weiglit and feel in general greatly 
improved. Many of them note diminution of nervousness and of a 
“let down P feeling, which gratifies them. Some patients have stated 
they feel “entirely Aveir' or “better than in several years.” In gen- 
eral, about 70 per cent of the entire group of patients were benefited 
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eliDically. Some patients wliose blood pressure lias been greatly re- 
duced by operation continue to note undue fatigue, weakness, and 
dvspnea for weeks or inontlis after operation. One patient whose con- 
dition was follo^red closely did not regain normal strength until about 
.six months after operation. We liave not been able- to determine defi- 
nitely that the patients who notice these .symptoms following operation 
are those who continue to have orthostatic hj'potension but it appears 
that this is so. 

Effect of Operation on Svjcaiing . — The area of anhidro-sns following 
operation is variable and not always equal in extent on the right and 
left sides. Extensivene.ss of anhidrosis depends on what part of the 
thoracolumbar .sympathetic chain is re.seeted at the time of operation. 
In the various eases .studied the greatest area of anhidro.sis begins at 
a line midway between the umbilicus and .symphysis and extends 
distally. 

Effect of Operation on the Heart . — When operation is successful, 
T-waves originalh* inverted in the electrocardiogram may become up- 
right and the transverse diameter of the heart demon.strated by roent- 
gen films exposed at 6 feet may decrease. Tachycardia occurs eom- 
monl}' when the patient stands after operation. When ortho.static 
hj’potension is marked following operation, the increase in the pulse 
rate when the patient .stands is also marked ; 120 beats per minute is 
commonly observed and oecasionallj' the cardiac rate is as great as 
350 beats per minute when the patient stands. As time passes after 
opei’ation, the increase in the rate of the heart when the patient stands 
decreases and the improvement parallels roughly decrease in ortho- 
static hypotension. However, tachycardia when the patient stands 
may persist after ortho.static hypotension disappears. 

Effect on Renal Function . — ^lost of our jjatients who were opei’ated 
on had no .significant impairment <if renal function; patients who.se 
renal function was impaired were not operated on. Since we have not 
had opportunity to study the renal function of many of our patients 
after con.siderable time following operation has elapsed, and since tests 
for renal function when function is not significantly impaired are not 
always reliable for comparative purposes, we cannot say that renal 
function is improved following successful operation. Such an observa- 
tion has been made by Freyberg and Peet.'' It is quite apparent that 
renal function is not impaired when the blood pressure is greatly re- 
duced by operation. This observation agrees vrith those of Freyberg 
and Peet,'' of Page,*' and of Page and Ileuer.^" Diminution in the 
amount of albumin in the urine or disapjiearance of it occurs commonly 
follovdng successful opei’ation. 

Effect on Temperature and Motor Function of the Extremities. — Fol- 
lowing operation the feet are warm and dry. If the blood pre.ssure 
has been significantly dccrea.sed by operation the hands maj' be cold, 
apj(arcntly owing to persistence of va-soconstriction in the.se parts. An 
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occasional patient notes generally increased tolerance to warmth. The 
sensation and motor function of the lower extremities are not impaired. 
An occasional iiatient mentions an area of numbness, wliicli is variable 
in extent in ditferent cases and which is due to section of or traction 
on the lateral branches of the eleventh and tAvelfth intercostal nerves 
at the time of oxieration. 

E-ffect of Operation on the Bethias. — The retinas of all our patients 
were examined by Dr. Wagener, an experienced ophthalmologist. The 
changes immediatelA’ folloAving operation are not constant and cannot 
be correlated Avith the effect of operation on tlie blood pressure. The 
retinas of patients AAdio are examined seA'eral months after oxieration, 
and AAdiose blood pressures have not been significantly influenced, have 
not appreciably changed in appearance in most instances. In instances 
in Avhich the blood pressime has been greatly reduced b}”" operation, 
retinitis may disappear, and apiiarent sclerosis and arterial spasm may 
be greatly diminished. The cause of this is not entirelj^ clear for 
reduction of pressure by extensive sj’mpathectom}^ should not influence 
spasm of the retinal a.i’teries as sympathetic control of them is not 
impaired, unless hypertension itself proAmkes arteriolar spasm or un- 
less operation removes some mechanism Avhich causes both. Again, if 
the results of the experimental AAmrk of Goldblatt’ can be transferred 
to human beings AAuth hypertension, it is possible that an increase of 
the renal blood floAV maj^ cause generalized decrease in arterial tonus, 
thus relieving spasm of the retinal arteries. It is also possible that 
retinal arterial spasm is comxiensatory, to prevent rupture in hyper- 
tension, and disaxipears Avhen blood pressure is reduced. HoAveA^-er, in 
spite of a significant reduction in blood pressure, examination of the 
retinas may disclose changes of the same degree as those obsei’Amd 
preoperatWely. These observations are in agreement Avith those of 
Fralick and Peet.^ 

Effect of Operation on the Intestines. — ^Disturbances of intestinal 
function Avere noted in a number of instances in Avhich periods of three 
to four boAvel movements dailj", Avitli stools of soft consistency, alter- 
nated with periods of normal boAAml moA'ements. In some instances 
constipation Avas relicA'-ed. Flatulence or other eAudence of disturbed 
motor actiA'it}^ of the gastrointestinal tract were uniformly absent. 

Effect of Operaiion on Sexual Fimction. — Ordinarily libido and erec- 
tion are not impaired. HowcA’-er, some patients note diminished libido. 
Nocturnal orgasms occur as before operation but emission is usualh* 
absent or greatly diminished. Orgasm occurs normall}’- during sexual 
intercourse but there is either no ejaculation of fluid or the amount is 
reduced. Male patients may be sterile after operation but this is not 
certain. Sexual satisfaction may be unimpaired or reduced. Men- 
struation occurs normally following operation and dysmenorrhea Aidien 
present before operation may disappear following operation. 
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Effect of Operation on Basal Metabolism. — "We have Icnoivn for a long 
time that the basal metabolism is increased in many cases of essential 
hypertension. There is an almost uniform tendency for basal metab- 
olism to be lower two to three weeks following the second operation 
than it was before operation. However, it is probable that several 
factors, such as prolonged rest in bed, anesthesia, operation and weak- 
ness contribute to reduction of the basal metabolism in addition to 
the diminution of blood pressure. In Table VI it is shown that of six 


Table VI 

Effect of Operation o.v Blood Pp.e.s.sure akd Basal Metabolis.m 
(Eight Illilstrative Cases) 


BEFOUE OPERATION' | 

AFTER OPERATION* 

BLOOD PRESSURE 


BLOOD PRESSURE 

BASAL METABOLIC 


P.ATE, PEP. CENT 

160/100 

+14 

140/90 

4 " 7 

200/118 

- 0 

130/90 

- 4 

180/120 

+ 1 

112/80 

-16 

180/120 

+ 9 

140/100 

+ 7 

134/00 

+12 

116/72 

+18 

18 C /112 

- 2 

130/80 

.11 

150/110 

+ 3 

140/110 

- 2 

188/120 

+11 

160/120 

- 5 


•Two to three weeks. 


instances in which there was .substantial reduction of blood pressure 
following operation, in five there was reduction of basal metabolism. 
Ilowei'er, in two instances in which there was no substantial reduction 
of blood pressure by operation, the basal metabolism was decreased 
aiter operation. “We hope to have further information on this inter- 
e.sting subject when wo have had opportunity to determine basal 
metabolism considerable periods of time following operation. 

T'jffcci of Operaiion on Suprarenal Glands . — Although partial supra- 
renalectomy was a part of the surgical procedure in twenty -five in- 
stances, Addison's disease has never been obseiwed. No significant 
changes in the amounts of sodium and chlorides in the blood, as results 
of operation, have been determined regardless of whether or not the 
suprarenal glands were partially resected. However, a I’egular increase 
in the amount of potassium, averaging 3 mg. in each, has been ob- 
served in eight cases, in five of which partial suprarenalectomy was 
not iierformed. 


EFFECTS OF OFEKATIO.V ON BLOOD PRESSURE 

As stated previously the results of operation for hypertension are 
not uniform; they vary from extremely poor to excellent. The re.sulis 
depend on selection of patients. At first patients were operated on who 
would not now be considered suitable for operation. The additional 
knowledge that operation for hypertension can be carried out with 
little lisL i.s further reason for .surgical treatment of hypertension. 
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Whatever inay be said about this procedure, it seems undeniably true 
that the patient is not harmed by it. The impression that some physi- 
cians have that Operation itself leaves patients disabled and unable to 
cany on normal activities has no foundation in fact. 

An analysis of the results of operation on this group of patients 
indicates that about 45 per cent of the patients operated on had no 
material change in blood pressure folloiving operation (Table VII) ; 


Table VII 

Effect of Operation on Blood Pressure 
(Twenty Instances of Poor Results) 


blood pressure 


BEFORE OPERATION 

AFTER OPERATION 

MAXIMUM 

AIINIAIUM* 

MEAN 

PRESSURES t 

MONTHS 

205/130 

160/110 

180/125 

192/122 

19 

210/130 

150/105 


210/130 

14 

190/140 

130/100 

180/130 

235/180 

18 

215/150 

170/115 

180/130 

215/150 

16 

220/140 , 

140/105 

180/120 

170/124 

17 

220/155 

180/115 

200/120 

190/120 

16 

250/180 

160/120 

' 220/150 

220/135 

10 

208/160 

160/90 


215/150 

14 

220/140 

140/100 

180/110 

170/130 

9 

230/160 

180/112 

200/130 

180/130 

9 

210/150 

160/110 

180/130 

190/130 

7 

230/140 

190/115 

200/126 

200/130 

6 

250/140 

190/100 

170/100 

200/120 

7 

. 240/160 

210/110 

220/130 

220/170 

8 

140/190 

208/170 


Dead 

7 

210/135 

150/90 


200/125 

6 

230/154 

180/130 

200/134 

190/130 

6 

220/130 

170/120 

195/125 

214/130 

4 

175/120 

140/95 

164/112 

180/120 

10 

252/145 

200/110 

220/115 

252/134 

6 


♦In this table and in Tables VIII and IX the term “minimum" applies to the 
lowest of twenty-four blood pressures determined hourly and consecutively while the 
patient . re.sted in bed or slept. 


tRough mean in three determinations. 


about 30 per cent received fair results in relation to blood pressure 
from operation and about 25 per cent receiA^ed good results (Tables 
VIII and IX). With the methods of selection Avhieli we use now the 
incidence of failures is materially reduced. In Tables VII, VIII, and 
IX, it is shoAvn that the minimal blood pressure resulting from rest 
and sleep before operation is a fairh^ good indication of the effects 
of operation on tlie blood pressure. It is well to emphasize again that 
errors in prediction of etfects of operation on blood pressure are rarely 
made when preoperative tests indicate a poor result, but that errors 
of prediction occur occasionally Avhen preoperative tests indicate a 
good result of operation. As a result of these obsei-Amtions Ave feel 
justified ordinarily in refusing to operate on patients when preopera- 
tive tests indicate tliat response of tlie blood pressure to operation Avill 
be unsatisfactory. We do not knoAV that good results Avhieh folloAV 
operation Avill persist. Good results Avhich persist for only several 
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Table vm 

EFKECT or OPERATIOaV OK BliOOI) PRESStriiE 
(TmriTEEK IKSTAKCES OF FAIR RESULTS) 


BIXIOD PKESSUKi: 


BEFORE OPER-VTIOK j 

AFTER OPERATIOK 

MAXIMUM 

MINIMUM* 

; MEiVK 

PKES.SURESt 

MO.KTIIS 

21)0/160 

180/120 


100/100 

17 

2.35/120 i 

17.5/110 


190/110 

14 

230/1.30 i 

170/110 

190/120 

150/104 

12 

220/120 ! 

140/100 

180/110 

180/104 

12 

210/108 

168/110 

lSO/120 

150/104 

11 

230/140 

140/90 j 

100/110 

100/100 

9 

210/140 1 

130/75 


150/108 

8 

200/120 

145/90 

170/105 

170/7 

3 

228/142 

170/108 

200/120 

182/110 

5 

205/130 

130/90 


170/100 

5 

200/130 

140/108 

100/120 

170/115 

3 

200/140 

200/130 

235/135 1 

170/104 

2 

210/130 

170/120 


170/115 

2 


*.tstc- Tablo vn. 


Table IX 

Effect of Operatiok ok Blood Pp.essup.e 
(Eli^-ek Ikstakces or Good Results) 


BWOD PRESSURE 


BEFORE OPERATIOK | 

1 A ITER OPERATIOK 

MAXIMUM 

1 MINIMUM* 

MEAN 

PRESSURES t 

MO.KTIIS 

205/135 

140/100 j 

100/110 

150/90 

2.3 

225/130 

150/100 ' 

190/110 

128/90 

lo 

240/105 

130/95 


100/90 

15 

190/1.35 

140/90 

100/114 

140/100 

15 

180/114 

144/90 

174/110 

150/90 

15 

240/140 

145/100 

170/120 

128/80 

14 

220/1 50 

170/120 i 

190/130 

140/100 

13 

20,5/120 

175/90 

200/110 

105/95 

10 

200/135 

150/90 

180/114 

140/100 

5 

220/140 

140/78 

2.30/150 

140/? i 

3 

210/1.30 i 

150/92 

170/110 1 

140/78 1 

2 


Table VII. 


niontlis nun" justily operation, lor palicnils are relievecl of distressing and 
Irequently disabling symptoms. For example, some patients feel that 
operations were worth nJiilc because of the relief of headache, if for 
no other reason. 


CONCLUSIONS 

1. The results of operation for essential hypertension can be pre- 
dicted with reasonable certainty by observing the response of the blood 
pi'essure to rest and sleep, to inge.stion of sodium ainytal and sodium 
nitrate, and to intravenous injection of pentothal sodium. "Wlien poor 
results of oiieratiou are predicted as a result of these tests, the results 
are almo.sl uniformly unfavorable. When good results are predicted, 
some patients do not receive as much benefit from operation as was 
anticipated. 
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2. There have been no operative deaths in a series of eiglitv-five 
cases. The operation itself does not disable, although anhidrosis of 
the lower extremities and loss of ejaculation and probably of fertility 
of the male result. 

3. Following operation orthostatic In’-potension and tacln^cardia oc- 
cur but disappear as time passes. 

4. Operation diminishes the response of the blood pressure to im- 
mei-sion of a hand in ice water. 

5. Operation usually relieves symptoms when blood pressure is 
greatly reduced but may do so when there results no great reduction 
of blood pressure. About 70 per cent of patients were benefited clinicallj’’. 

6. As a result of operation the heart may decrease in size, inverted 
T-waves in the electrocardiogram may become upright, retinitis and 
spasm of the retinal arteries may diminish or disappear, albuminuria 
may decrease, and renal function may be improved. The basal metab- 
olism may be decreased. 

7. The blood pressure was not materially reduced by operation in 
45 per cent of this series of patients. Many of these patients would 
not be oiierated on now because preoperative tests would indicate that 
operation would not significantly reduce the blood pressure. About 
30 per cent received fair results in relation to blood pressure and 25 
per cent of them received excellent results. 


REFERENCES 

1. Adson, A. W., and Allen, E. V.: Essential H}'pertension : I. General Considera- 

tions, Proc. Staff Meet., Mayo Clin. 12: 1, 1937. II. The Rationale and 
Metliods. of. Surgical Treatment, Ibid. 12: 49, 1937. m. Selection of 
Patients for and Results of Surgical Treatment, Ejid. 12: 75, 1937. 

2. Adson, A. W., and Allen, E. V.; Essential Hj-pertension: General Considera- 

tions and Report of Results of Treatment bj' Extensive Resection of Sjnn- 
‘ pathetic Nerves and Partial Resection of Both Suprarenal Gland.s, Proc. 
Inter-State Postgrad. Med. Assemb. N. Amer., p. 181, 1936. 

3. Adson, A.: W., Craig, W. SIcK., and Brorvn, G. E.: Surgerj- in Its Relation to 

Hj’pertension, Surg. Grace. & Obst. 62: 314, 1936. 

4. Allen, E. V., Lundy, J. S., and Adson, A. 'W.: Preoperative Prediction of 

Effects on Blood Pressure of Neurosurgical Treatment of Hj^ier tension, 
Proc. Staff jMeet., Mayo Clin. 11: 401, 1936. 

5. .Fraliclv, P. B., and Peet, M. M.: Hj'pertensive Fundus Oculi After Resection 

of the Splanchnic Sj-mpathetic Nerves; a Preliminar}' Report, Arch. Ophth. 
15:840,1936. 

6. Freyberg, R. H., and Peet, M. M. : The Effect on the Kidney of Bilateral 

Splanchnicectomv in Patients "With Hypertension, J. Clin. Investigation 16: 
49, 1937. 

7. Goldblatt, Harry: Experimental Hj-pertension Due to Renal Ischemia. Read 

at twentv-first annual session of American College of Physicians, St. Louis, 
1937. . 

8. Hines, E. A., Jr., and Brown, G. E.: Cold Pressor Test for Measuring Reacti- 

bility of the Blood Pressure: Data Concerning 571 Normal and H}*per- 
tensive Subjects, Ajr. He^vrt J. 11: 1, 1936. 

9. Page, I. H.: The Effect on Renal Efficiency of Lowering Arterial Blood 

Pressure in Cases of Essential Hvpertension and Nephritis, J. Clin. Investiga- 
tion 13: 909, 1934. 

10. Page, I. H., and Heuer, G. J. : The Effect of Renal Denervation on the Level of 
. , Arterial Blood Pressure and Renal Function in Essential Hypertension, 
J. Clin. Investigation 14: 27, 1935. 



OBSERVATIONS ON PHLEBITIS^ 

Edward AijLEK Edwards, 

Boston, Mass. 

M uch ha.s been said on the subject of thrombosis and phlebitis, yet 
for the most part the etiology is still obscure and the treatment 
divei*sified and unsatisfactory. It is necessary to be skeptical of some 
of our so-called “fundamentals” until more data are secured. The 
observations here described are of diverse nature, aiid are not pre- 
sented in anj' effort to ai*rive at conclusive deductions, but rather in 
the hope that they will arouse a critical viewpoint and lead to further 
clarification of our problem. 


THE ROEE OF INFECTION IN THROMROPHEEBITIS 


It may be of interest to examine the evidence in regard to the role 
of infection in the production of thrombophlebitis. In this i*espect 
phlebitis can quite easilj- be divided into two major groups, suppura- 
tive and nonsuppurative. 

Suppurative phlebitis is seen in the immediate vicinity of a purulent 
focus, such as mastoiditis, septic eudometntis, or carbuncle. It takes 
no special argument to establish the presence of infection in this fonn. 
The involved vein ma.v not shov.' anj' more clinical .signs of inflamma- 
tion than a bland phlebitis. The clot within it, however, is infected, 
and it undergoes purulent .softening with a dissemination of bacteria 
and portions of clot thi-oughout the blood .stream. Wherever large 
enough masses of clot or bacteria block branches of the pulmonarj' 
artery, infarcts result, which go on to pulmonarj^ absce.ss formation. 
Microscopic examination of the primaiy (autochthonous) portion of 
the thrombus shows the A’ein wall infiltrated Avith an exudate rich in 
polymorphonuclear leucocytes (Pig. 1). The bacteria are invariably 
found in this part of the vein and its contained clot. It may be noted 
that the propar/aied portion of the clot may be free of bacteria and 
the vein wall far from the original focus may show an exudate poor in 
polymorphonuclear leucocyte.s. 

In the nonsuppuratiA^e categorj' may be classed mo.st of the ca.se.s of 
postoperatiA'e phlebitis, especially AA'hen it is not in the Aucinity of the 
operath'e aa-ouiuI; as aa-cII as phlebitis of A-arico.se veins, and finally the 
.so-called “marantic phlebitis” occurring in fcA'crs and in terminal 
states. At first glance .sueb phlebitis might also .seem to be a septic 
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process. The involved vein is apt to be very hot and tender, and the 
swelling, augmented b.y phlebitie edema, may be considerable. Never- 
theless the evidence for the presence of bacteria in this group is con- 
troversial and stands in considerable contrast to the clear-cut demon- 
stration of bacteria in the septic variety. 

The bland nature of uonsuppuratiA^e phlebitis had seemed Avell 
established by the work of Virchow.^ With the adA’^eut of bacterio- 
logical examinations the picture was reversed. "S^aquez,- in 1890, 
recorded the finding of micrococci in what had prcAnously been called 
marantic thrombi, in patients d 3 dng of tj’^phoid fcA'^er, tuberculosis, 
and cA’^en cancer. There are others Avho haA^e searched for bacteria in 
these thromboses, and have also foAind them Avith fair frequency. 
Thus, Harris and Longcope^ found bacteria in thirtA^-four out of forty- 
four cases of phlebitis, most of Avhich Avere said to haA^e been periph- 
eral and of the so-called marantic tA'pe. 

More reeentlj^ deTakats^ has gone a step further. Obtaining posi- 
tiA’e cultures in a goodlj’ number of Amrieose A^eins remoA^ed at opera- 
tion, he has formulated the concept of “resting infection’^ in Amrieose 
veins. According to this idea not onlj' is varicose phlebitis an infectiA’^e 
process, but the bacteria causing it maj’- actually lie in Amricose A^eins 
in a semidormaut condition for long periods of time. 

All these facts liaA'-e graduallj’- coiiA^erted manj* ph.ysicians to the 
belief that all thrombophlebitis represents an infection of veins. In 
the meantime there has been rather strong eA’idence that nonsuppura- 
tive phlebitis is generall.A" a bland process, and is rather due to phj^si- 
cal factors such as sloAving of the blood stream. Aschoffs is probablj’’ 
the most important contemiioraiy proponent of this theoiy. This old 
theoiy gains modern support in the fact that several iiiA’^estigators 
haA'e failed to find bacteria in most nonsuppuratiA'e phlebitis. Thus, 
Barker,® in a rcAueAv of 166 cases of thrombophlebitis complicating in- 
fectious and sj'stemic diseases, found that cultures Avere occasionallj”^ 
positive but usually sterile. BroAAui,'^ in a rcA’ieAV of 87 cases of post- 
operative phlebitis, stated that no bacteria Avere found in those that 
Avere cultured. The reported results then, and mj' personal experi- 
ences, lead me to the conclusion that bacteria are onlj’ sporadieallj’ 
present in these eases. 

So far as Amricose phlebitis goes, mA” findings are someAAdiat para- 
doxical. While I haA'e neA’er been able to find bacteria bA' stain or 
culture of the clot or vein Avail, I haA'e neA’^ertheless twice come upon 
gram-positWe cocci in surgieallA' excised saphenous veins, Avliere there 
had been no suspicion of their presence. These patients did not liaA^e 
phlebitis, the Avounds did not suppurate, nor Avas there cA’idenee of 
an3’ acute infection going on elseAvhere in the bodjL 

The histology of bland phlebitis differs also from that of the septic 
variekAL There is usuallj* ver.v little cellular infiltration, and most of 
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tlie cells pi-eseiit are of tlie so-called “chronic inflammatory” or re- 
parative type, that is, lymphocytes, plasma cells, and macrophages* 
The infiltration may be located for the most part around the vasa 
vasoi’um in the adventitia. Polymoi-phonuclear leucocytes ai-e uncom- 
mon and fev in number. This holds tine even in those cases where 
the phlebitis is attended by clinical evidence of acute inflammation 
with much heat, swelling, and tenderne,ss (Pig. 2). 

There is a form of phlebitis in which it seemed more probable to 
find bacteria and acute inflammatory cells. I refer to a subacute 
phlebitis of small veins on the foot which occurs occasionally in pa- 
tients with varicose veins, especially those which have followed a deep 
phlebitis (“ulcerating phlebitis”).-® The special features of this phle- 
bitis arc the location below either malleolus, the immediate dark pig- 



Eie. 1. Flf?. 2. 


Fl^r. 1. — Fylc-i>IilGbiti>?. a .sc-pUc phlebitis, secondary to suppurative appendlcltl.s. 
Section of a branch of the portal vein in the liver. Note the inten.sivc acute inflam- 
mation. the '«-all of the %-ein being' flisruptcd by polymorphonuclear ieucocyte.s, 
Iiaisin and methylene-blue (XIOO). 

Fig. 2. — Phlcbiti.s of .a varicose vein, a bland phlebitis. Note the absence of in- 
flammatory reaction. Hematoxylin and oosin (X190). 

niontalion oi the skin over Ihc vein, and its immediate adhesion to it; and 
finally the almost irrevocable breaking dot\m of Ibis .skin into a shallow, 
paiiilui. and inlraclablc ulcer. In two such instances I have performed 
a hiojisy of the vein and slcin in the pre-ulcerons stage. Bacteriological 
cull lire wa,s made at the lime of the biop.sy, but no bacteria were obtained 
In either aerobic or anaerobic methods. Nor were bacteria .seen in .stained 
sections of tlie veins ami skin. Tlie liistologj' of tlie tissue was surpris- 
ingly mild, an organizing thrombus was present, with very little cellu- 
lar infiltration. hat cells were present were chiefly lymphocytes 
and pla.sma cells. 

•The pWcbltis of Ihromboangliti.? oblltcrcns stand." out as an exception. 
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Evidence of tlie bland nature of most phlebitis is also to be found 
in its clinical course. Though frequentlj’’ mentioned, suppuration of 
a thrombus in bland phlebitis such as that of varicose veins, is rare. 
Indeed, I have never seen a single instance. It is iiossible that soften- 
ing of the clot through autolysis, has occasionally been mistaken for 
suppuration. Here also it ma}' he noted that while pulmonaiy em- 
bolism is quite as common as in the septic form, the resultant infarcts 
do not give rise to pulmonary abscesses. jMoreover, varicose veins which 
are phlebitic may be injected or ligated vuth safety. In 63 eases treated 
by ligation ajid subsequent injection not a single instance of sepsis of the 
vein or septicemia has occurred. 

In the face of the evidence at hand the words of Welch,^ spoken in 
1909, are still convincing; “Whilst ive are justified in assigning a far 
more prominent place to the agency of micro-organisms and to primarj^ 
phlebitis in the etiology of thrombo.sis than, until recent years, has 
been eustomaiy since Virchow ^s fundamental investigations, recent 
attempts to I’efer all thromboses formerly called ‘marantic^ to the 
direct invasion of micro-organisms, and to phlebitis, go beyond demon- 
strated facts.” 

SY]«PATHETIC NERVE IRRITATION ACCOIMPANYING PHLEBITIS 

Certain iiheuomeua occur in the course of phlebitis which can only 
be explained by a stimulation of the sympathetic nerve fibers of the 
extremity. The mechanism is not yet known, but it is clear that 
whether the reactions are due to direct, or to reflex stimulation of the 
efferent fibers, irritation of a vein is an adequate stimulus for these 
reactions. 

The simplest of these reactions involves the veins themselves. In 
some individuals the puncturing of a vein in the foreai’m causes an 
immediate constriction of all the superficial veins of the limb, and it is 
common experience that a second successful puncture may be impos- 
sible for some minutes. This same phenomenon may be seen in the 
leg when an irritant solution is injected for the purpose of obliterat- 
ing varicose veins. Such a constriction has been described in phlebitis 
by Leriche,^- and by Ducuing,^ who believed it is responsible for much 
of the pain. There is additional significance in this, however, as the 
contraction of the vein sIoavs the blood stream and facilitates the prog- 
ress of tlie thrombosis. 

Aside from A^enous constriction, Ave may consider a group of reac- 
tions Avhich, Avhile originating AAdthin the A^eins, spread to affect other 
structures. The first of these is the augmentation of the pilomotor 
reflex. Dueuingi® has remarked that the reflex may be diminisbed or 
increased. In practice the diminution of this reflex is not easily made 
out, but its inci’ease is sometimes stiikingly apparent. Thus Avhen 
both the normal and the diseased limbs are exposed in the patient’s 
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room, the skin of the phlebitic limb may show a pronounced goose 
flesh appearance, while the normal limb shows it not at all or verj-^ 
slowly. Again, abnoi-mal promptness and intensity of the reflex may 
be shown by scratching the limb with the back of the nails, when 
broad streaks of goose flesh appear. 

The second function of the sjunpathetic fibers which comes in evi- 
dence is that of local sweating. While ordinary generalized sweat- 



Pli,-. 3 — Ivx-aliz«l Mvoatins distal to tensely distended varices. The droplets -were 

•somewhat Oner than .shown. 

ing occur.s when the body i.s generally wanned, the local secretion can 
be scon even wiien the body i.s quite cold. This is the same type as 
that present in some neurological disturbances, in In'perhidro.sis of 
the hands or feet and in those cases of vascular disease characterized 
bt' an increase in sympathetic tone. Well recognized examples of the 
latter are Raynaud s disease and thrombo-angiitis obliterans. 

Localized sweating is frequent in the presence of vein irritation. It 
i.s be.st .seen in case.s of varicose veins that arc large and tense or those 
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that are developing rapidly, as in pregnancy, and also in phlebitis of 
varicose veins. The sweat may only be apparent after the patient has 
been walking about or standing for some time. It appears as minute 
or medium-sized droplets arranged distal to the varices (Fig. 3). The 
droplets may be so small, indeed, as to be appreciated only on very 
close inspection or by feeling moisture on touching the leg. These 
droplets may increase in size, or make their first ajDpearance, when the 


Fig-. 4. Fig-. 6. 



Fig. 5. Fi^. 7. 


Figs. 4 to 7. — Localized sweating in varicose veins and varicose phlebitis, out- 
lined by starch iodine. Pigs. 4 and 7 shoiv proximal and distal areas. In each case 
the proximal area lies just belo-n' a zone of "phlebitis” induced by sclerosing in- 
jection. Pig. 5 is a case of varicose ulceration. Fig. 6 is of uncomplicated varices. 

veil! is punctured by a needle. The stveating is perhaps most apparent 
distal to areas of phlebitis in the varicose veins, whether it be spon- 
taneous or induced by a sclerosing solution. To render the secretion 
conspicuous I have emplo 3 ’'ed the starch iodine technique of Victor 
Minor.^^ A glance at the photographs of representative cases will 
show the fineness of the secretion and its localization into small areas 
(Pigs. 4, 5, 6, 7). That the secretion is not necessarih- an augmenta- 
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tiou of the sweat in areas where it is normally high in amount, is 
shown by the fact that it is not confined to any one part of the leg or 
foot, but is called fortli in any region distal to vein irritation. 

Clinically the most important result of the sympathetic irritation is 
arterial constriction. It is quite commonly known that while, in 
phlebitis, the limb may be hot directly over the inflamed vein, it may 
be cold distal to it. Such a lowering of temperature can best be ac- 
counted for by a constriction of the arterioles.’^" 

Examples of more severe involvement of the arteries have also been 
mentioned many times. Authors have often spoken of the small 
pulses in phlebitis. This diminution has been confirmed by the oscil- 
lometer in several reported ea.se.s, and in some pei’sonally observed ones. 

Finally, phlebitis may occasion a complete spasm of the major 
artery of the limb. Twenty-odd .such cases have been reported, the 
majority in the Fi’eneh literature, with others in the Gennan and 
Amei-iean.^^'^'’ The events in the reported cases resemble those in a 
personally observed one. 


CASE REPORT 

Jfr. O. S., was seen on tlic Tliird Medical Service of the Boston City Hospital at 
the reque.st of Hr. Cadi.s Pliipps. This man, a forty-six-year-old carpenter, entered 
tlie ho.spital on July It), 193.5, for treatment of a pulmonary embolism rc.sulting from 
a deep phlebitis of the riglit leg. Within the next two weeks, the jdilebitis ascended 
to involve the right femoral, then the right iliac vein. On August (i, 193.5, a series of 
event.s took place which were carefully ob.served and recorded by Dr. J. C. Druker, 
the Housc-OlTicer on service. I quote from his note.s: 

"August 0, 1935, the patient w'as seen at 9:00 A.jr., and .stated tliat he felt well 
e.xcept for some pain along the medial side of the left thigh. This pain in the 
left thigh wa.s present for the first time. About 11 :30 A.M. the patient was seen 
again and complained of more pain in this area and there was slight cyanosis of the 
left lower leg. The pulsation of the femoral artery was present and was of good 
volume. The patient also complained of some additional pain in the lower right 
chest (site of iirevious infarction). Examination of the chest showed no ch.angc 
from what had been hoard previously; namely, diminished breath sounds at the 
extreme lower part of the right lung, po.steriorly, and bronchial breathing which 
was distant above; and also a short terminal inspiratory friction rub anteriorly. 

"At about 3:45 r.M. the patient complained tliat he was unable to feel any sensa- 
tion in the left log from the knee down and there was pain above this area. He 
complained al.«o that he was unable to move the foot or toes. At this time, the 
leg from the hip down resembled in color an arm which has had a tourniquet applied 
in the tourniquet te.'-t for scarlet fever. The leg was cold, dry, and anesthetic up 
to the knee, while above, it was hj’percsthetic. There were no pulsations made out 
in the femor.al, popliteal, posterior tibial, or dorsalis pedis arteries. 

"At about 0:00 I'.M. hot wjiter bottles were apjiliod to the leg, and at 7:30 I*.M. 
the condition of the leg from the knee doivn had changed considerably. The patient 
stated that ten minutes after the heat was applied, sensation had Tctumcd in the 
lower leg and in about thrce-quarter.s of an liour he was able to move the foot 

ab.«orptlon rate in Uie McClure- 
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and toes. Tlie leg was pink in color, sensation had returned, and there were good 
pulsations in the femoral, dorsalis pedi.s, and posterior tibial arteries. The femoral 
■rein was palpable as a tender induration. Two enlarged veins were seen on the left 
flank which had definitely not been visible before.^’ 

Comment . — Tliis patient showed temporarilj* all the signs of an oc- 
clusion of the femoral arteiw; namely, the disappearance of the 
femoral pulse and the pulses below, the cold white skin, the anes- 
thesia below and the litTperesthesia above, and the loss of muscle 
power. The diagnosis at the onset of this episode seemed surel}^ to be 
either embolism or thrombosis of the femoral arteiy, yet with the ap- 
plication of heat, all the signs ivore off and the pulses returned. 
Witliin a few hours the diagnosis of iliac and femoral j)hlebitis was 
definite. The limb subsequently went through the usual sequence that 
one finds in iliac phlebitis. There was edema from the buttock down ; 
there was enlargement of the superficial veins of thigh and abdomen ; 
and there was the tender induration of the femoral vein of the thigh. 
The edema slowfy subsided during the patient’s stay in bed. Later, 
when the patient was up and about, the edema increased temporarily 
but soon became less again. 

By the latter part of September, 1935, there was but little edema 
and the surface veins of the thigh and abdomen were beginning to 
diminish in size, indicating that the clot was being canalized. The 
leg showed not the slightest evidence of arterial impairment. All the 
pulses were^of full volume,- an arteriogram showed that there was a 
nonnal lumen in both the main and deep femoral arteries ; and the 
oscillometric readings (Paclion) were quite noi-mal. The actual read- 
ings were as follows: 



JIEAK ARTERIAL PRESSURE 

IX WM. OF MERCURY 

OSCILLOMETRIC 

UXITS 

Biglit thigli 

120 

6.5 

Left thigh 

120 

6 

Right leg 

100 

5 

Left leg 

100 

5 


In cases of embolism or thrombosis of tlie femoral arteiy, one must 
certainty have rare good fortune to observe the spontaneous reappear- 
ance of all the pulses of the limb and to find that the objective meas- 
ni*ements of the calibers of the vessels are normal and exactly equiva- 
lent to the opposite extremity. As a matter of practice, such an out- 
come is but rarely observed, even after a successful emboleetomy. 
One cannot escape the conclusion that this patient had no organic 
obstruction to the arteries at all, but that his arterial occlusion repre- 
sented a temporary, complete spasm of the femoral artery, incident to 
the stai't of the plilebitis in the left iliac or femoral vein. 

The picture then closely simulates arterial embolism. The femoral 
artery is the most frequently involved, and the spasm is secondary to 
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tliromboplilebitis of the femoral or iliac vein. There is a .sudden severe 
pain in the course of the artery, then in the entire leg. The femoral 
pjulse is absent, the limb painful, cold, and paralyjicd. Aftei some 
few hours the attack may wear off .spontaneously, or as has rarelj' 
happened, actual thrombosis may occur. 

The arterio.spasm may occur after the phlebitis is quite evident, 
but it usually happens so eai’ly that the diagnosis maj' be difficult to 
establish. Thus, while the telltale edema and cyanosis of phlebitis 
may be present, ordinarilj' the only hint of piamary venous involve- 
ment is a slight cyanosis of the thigh above the ischemia of the fool 
and leg, and a slight dilatation of the surface veins of Ihe thigh and 
abdomen. 

In some of the eailier reports it is likely that there were included 
instances of a true arteritis by extension from pelvic sepsis, or simul- 
taneous phlebitis and arteritis of thrombo-angiitis oblitei*ans type. In 
many, hovrever, there is no doubt but that there was merely a .spa.sm 
of the artery.® Several of the i-eported cases were operated on for 
the suspected embolism. In all these the arterj' was found contracted 
and pulseless but the pulse reappeared immediately after the arteiy 
was freed from its sheath. In other patients arteriograms were made 
and the arteries found to be patent. Some of the patients died from 
pulmonary embolism and autop.sy re%'ealed patent aiteries. Finally, 
gangiTiie occasionally supervened, and examination of the amputated 
extremities revealed normal arterie.s.f 


CHAXGE-S IK THE VEKOUS VAEVE 


Apparently the fact that phlebitis damages the venous valve was fir.st 
appreciated by Hoinan.s.^'' although he did not publi.sh demonstrations 
of this damage. Recently, with Je.sse Edwards, I have completed a 
detailed study of this effect. We made histological examinations of 
the valves in .spontaneous phlebitis in the human and in experimental 
cliernical phlebitis in the dog. This is reported cl.seivhere,^' but it is of 
intere.st here to state briefly our findings, 

hen complete thrombosis occui’s the forces of organization and 
recanalization pay little respect to the cellulai* nature of the valve, 
but treat it in the same way as they do the rest of the venoms content, 
that is, the dot. In other word.s, the valve cusp is immediately sub- 
jected^ to disrupting toree.s. At fii-st the.se forces consist of a groirth 
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of capillaries througli tlie base of tbe cusp and the exudation of repar- 
ative cells. But the fibroblasts, as they groAV into the clot, cut across 
the cusp as well and divide it into fragments. At least some reeanali- 
zation always occurs and the cnsp is now more seriously fragmented 
bj' the .new blood channels wliich run through it, and push its frag- 
ments apart. The cusp soon comiiletelj’ disappears. Occasionally the 
valve is open at the moment of thrombosis and its cusps therefore lie 
close to the vein wall. In such a case its fragmentation may be 
slight, but the cusp lies imbedded in the organizing thrombus and 



Fig. S. Fig. 9. 


Fig^. S. — ^Destruction of the venous valve bj- complete thrombophlebitis. Longi- 
tudinal section of dog’s femoral vein at valve site, four months after artificial phle- 
bitis. Recanalization is not yet complete but it has already broken up the thrombus 
leaving trabeculae crossing the lumen. In one of these, at C-J, is a small piece of 
elastic tissue, a remnant of the previously existing valve. At C-2 is a longer strip 
representing, the second cusp imbedded in the neu- thickened intima. The dark 
areas in the . heavier trabeculae beloiv are nuclei and pigment Verhoeffs elastic 
tissue plus van Gieson’s stains (X23.5). (From Surg. Gynec. & Obst 63: 310, 1937.) 

Fig. 9. — ^The production of venous stenosis and regurgitation by incomplete throm- 
bophlebitis. Longitudinal section of single cusp from human 'saphenous vein in- 
'■olved in spontaneous phlebitis (operative specimen). Tlie structure is tliickened and 
shortened by the addition of connective tissue, especially on its sinus side. Here the 
connective tissue effects an adhesion of cusp to vein wall. Compare the thickness of 
the diseased proximal half of the cusps to the normal tliin distal half. Verhoeff’s 
elastic tissue plus van Gieson’s stains (x92). 

wben recanalization is complete we find it incorporated in tbe now 
thickened intima. In any event, complete thrombosis always results 
in the actual or functional disappearance of the venous valve (Pig. 8). 
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IncoiuplGte 01’ pfivictiil tlivonibosis, fis is well known, li«is fi pieclilce- 
tion for attacking valve sites. The euvliest tlivoinbi ave seen in tlie 
valve sinnsc.s, wlieve snbseciuent organization produces a pad oi tissue 
wliicli narrows the lumen of the vessel, and doc.s not allow complete 
latei’al exeuivsion of tlie cusp. If the valve i.s open at the moment of 
thrombosis, with the cusp lying close to the vein wall, this organiza- 
tion incorporates it and it disappears in the new intima. If the valve 
is closed and the cusp lies in the center of the lumen, some of it will 
be bound down by the connective tissue formation in the sinus, and 
the remainder thickened by a pi-oliferation of connective tissue along 
its two surfaces. This proliferation in the lateral commissure of the 
valve may also cause the two cusps to become adherent to each other. 

The end-re.sult of incomplete thrombosis is, then, a .shortened, thick- 
ened, adherent eiisp of little exennsion (Fig. D). These stubby, rigid 
valves look altogether different from the veil-like normal ones. The 
diseased valves resemble the mitral valve which has been involved in 
a I’heumatic endocarditis, and we believe that the term “stenosis and 
regurgitation” may equally well be applied to both. 

In the case of complete tlu’ombosis of a main trunk we may see an 
incomplete thrombosis extending into the mouths of its tributaries. 
Here the valves which guard these mouths will be involved. The in- 
volvement may be of the type above described under the term “incom- 
plete thrombosis” or there may be a special form of damage. In this 
latter instance the cusp as it opens into the lumen of the main trunk 
is caught in the thrombus of the main trunk. Here it may be de- 
stroyed if it is entirely embedded in the clot, or it becomes adherejit 
along its free edge if it merely touches the clot. This is the type of 
involvement which destroys the function of the valves in the jmrforat- 
ing vessels of the leg whcii a deep tlu’ombosis occurs. 

The desti’uction of the venous valve or the production of a venous 
stenosis and regurgitation helps to clarify the disability occurring 
after phlebitis. Reference is of coui’se made to the so-eallcd “post- 
phlebitic” evidences of inefficient return. Difficulty with the venous 
return exists whether or not the vein has rceanalized. If the lumen is 
adequately restored the valves are absent or crippled. If it is not 
adequately restored, the blood flows in collateral channels, where, as 
we have indicated, the valves become incompetent due to the dilata- 
tion of these channels. 


> THERAPEUTIC INFERENCES 

Hie management ol phlebitis Is undergoing considerable change. For 
the author, the essentially bland nature of the phlebitis of Amricosc 
\eins and the almost absolute rule that both the varices and the 
phlebitis will recur after the acute process is over, have prompted- the 
immediate treatment of these patients by ligation of the great saplie- 
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nous vein followed by small injections of sclerosing solution. Post- 
operatively tbe patient is treated in tlie same ambulatory fashion as 
any uncomplicated case of varicose veins. At the time of the first 
obseiwation the thrombosis may make it impossible to determine 
whether or not the vein was valveless ; but one may rest assured that 
it will be so when the recanalization has occuri’ed. Therefore, whether 
or not the veins are surely varicosed, thej' are treated the same waj^ 
with the exception of eases of migrating phlebitis. These are treated 
eonservativelj^ because thrombo-angiitis obliterans is likely to be pres- 
ent. No pulmonary embolism or other untoward reaction has been 
seen in the 63 cases thus ti’eated.-® 

The fact that phlebitis produces an irritation of the sympathetic 
fibers of the limb, leads one to inquire how this may be overcome and 
whether by so doing the patient ivill be benefited. Leriehe and his 
associates^'’’ have performed novocaine infiltration of the lumbar 
ganglia with immediate cessation of pain and subsidence of the edema. 
In the chronic postphlebitic edemas this procedure was only of tem- 
jioraiy value. Other French workei*s have obtained good results by 
reiieated subcutaneous injection of acetylcholine. The sjmipathetic 
release so obtained bj’- these or any methods is undoubtedl}’’ responsible 
for the improvement noted. The increase in arterial flow thus ob- 
tained produces a greater velocity of flow in the veins, increasing their 
nourishment and diminishing the chances for propagation of the 
thrombus. If it is also true that venous spasm is a concomitant of 
phlebitis, its relief by sympathetic release will again increase the 
venous flow and inhibit the spread of the thrombosis. Appreciating 
the presence of sympathetic irritation should make us question the 
use of cold applications in phlebitis. The use of the ice pack has 
already fallen into disrepute with many, because it promotes throm- 
boses and devitalizes tissue. Now we have this additional reason for 
condemning it. 

Though the above methods of securing vasodilatation deserve ex- 
tension, I have so far been content to use local warmth in the form of 
a heated cradle, or as hot compresses, while in the severer cases I have 
used parenteral foreign protein. Such therapy, as you know, dimin- 
ishes the coagulability of the blood and lowers the sympathetic tone. 
Striking results have followed the use of intravenous typhoid vaccine, 
or in sicker patients the inti’amuseular injection of sterile milk products. 

Of late the matter of rest and exercise in plilebitis has also at- 
tracted some attention.'’^- Previously, patients with either super- 
ficial or deep phlebitis were kept in bed for Aveeks or months in order 
to minimize activity of the limb and thus cut down the chances for 
pulmonary embolism. The thrombus at the original site of the 
phlebitis is more or less fixed because of the changes in the A’ein Avail, 
antecedent or secondary, but there is frequently a propagation of 
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softer more friable clot attached to eitlier end of the original thrombus. 
This clot is due to the .stagnation of the blood and has therefoi'C been 
called a “stagnation thrombus,” These propagated clots are not 
necessarily in contact with vein wall all along their couiscj and no 
amount of time may .suffice for them to become firmly attached. 
Sooner or later the patient must move his limbs, in bed or out, and if 
stagnation thi*ombi have fonned they are practically sure to break off 
and to give embolism. 

It has been amply demonstrated, in superficial phlebitis at least, 
that immediate exercise of the limb will prevent the fonnation of this 
secondary clot from which emboli arise. Deutseh, in 1929,"“ and 
Jaeger, in 19-30,^^ repoided six hundred, and one hundred eases, re- 
.speetively, of superficial phlebitis of the leg, treated merely by band- 
aging and forced to remain ambulatoiy. In these consecutive cases 
not a single pulmonarj’^ embolism resulted. 

Confronted with a deep phlebitis, it is more difficult to fly in the 
face of custom and to prescribe exercise. If the phlebitis has lasted 
for some days with the limb at rest, stagnation clots are alreadj*^ apt 
to be present. Certainly at this stage veiy active exercise is danger- 
ous, but it seems logical that there is even more chance for pulmonary 
emboli.sm if the .stagnation is continued, than if regular gentle move- 
ment be instituted. If the patient has suiwived a single pulmonary 
infarct, he maj* die from a second or third. For this reason, whenever 
feasible, the main venous tnink should be ligated after pulmonarj' 
embolism. 

If the phlebitis is fresh, my feeling is that gentle exercise of the 
limb .should be started at once and be increased daily. The results in 
several cases thus treated have been gratifjdng. Pulmonaiy embolism 
is, however, such a serious accident, that a large series of phlebities 
treated both with and without exercise vdll have to be compared be- 
fore this can be laid down as the best method of procedure. 
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THE PATHOLOGICAL BASIS POll INTERMITTENT 
CLAUDICATION IN ARTERIOSCLEROSIS* 

J. Ross Veal, M.D. 

New Orleans, La. 

T he symptom complex of intei-mittent claudication, or exercise pain, 
wMcli may occur in any type of obliterative or obstructive arterial 
disease of the lower extremities, is a common though by no means a 
constant concomitant of arteriosclerosis. In some cases it occurs before 
any other definite vascular symptom is manifest. In other cases 
gangrene of the toes or the foot supervenes from gradual arterial occlu- 
sion, or from trauma and infection, without the appearance at any time 
of the sjmdrome of intermittent claudication. 

Arteriosclerosis is a disease in which vaso.spasm and infection are 
absent, at least from the initial picture, and in which the basic patho- 
logical change is a purely obliterative process affecting the arteries. 
Why intermittent claudication .should be present in some cases and not 
in others, or, indeed, why it should occur at all, is not clearly under- 
stood. It is generally believed that its basic cause is the diminution in 
the blood volume which reaches the involved part as the result of 
arterial obstruction, but thereafter the theories of its causation varjL 
Lewis,^ in an excellent monograph entitled “Vascular Disordens of the 
Limbs,” advances the idea that the cause is obstruction of the large 
vessels of the extremities. Hermann, “ on the other hand, recognizes 
two forms of obstruction of the arterial .supply which might produce 
it, obstruction of the large trunks and obstimction of the arterioles. The 
only work on record, so far as we know, v;hich concerns the anatomical 
di.stribution of the points of ob.sti’UCtion or obliteration in this .sj'^mptom 
complex was done by the author,^ and records the I'ascular pattern in 
12 cases of intermittent claudication on an arteriosclerotic basis. 

The valuable experimental woi’k of Barney Brooks'* has thrown con- 
siderable light upon the altered phy.siolog 5 ^ produced by obstimction of 
the large aiTeries. Three important changes occur, he says ; The blood 
volume flow is diminished, the intravascular pressure is decreased, and 
the pulse pressure is markedly diminished or disappears entirely. 
Brooks found, furthermore, that even a slight decrease in the flow^ of 
blood to the extremity produced a fatigue complex comparable to inter- 
mittent claudication. He therefore concluded that the diminution in the 
blood volume was the main factor in the production of intermittent 
claudication. 

MedWnT. fna craWtV'^Ho® pUar UnlverBlty, School of 

c-m^cifcuUUon.Tu J- rJuiTe 
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By means of arteriograplij* we have been able to carry Brooks’ ob- 
servations farther. All our studies show that wlien the large arteries 
of the extremities are suddenly obstruetedj- whether by trauma, severance 
of the vessels, or thrombosis, there is a diminution in the number of 
functioning smaller muscular arteries and their terminal branches, and, 
undoubtedly, closure of many of the arterioles and capillaries in which 
these arteries terminate. 

Before going into further detail on this subject, it may be well to 
outline brie% our experience with arteriography, by wAich method, dur- 
ing tlie past five years, we have had the opportunity* of studying many 
types of peripheral vascular diseases of the lower extremities. The 
technique for visualizing the vessels of the lower thigh, iiopliteal region 
and upper two-thirds of the leg We have outlined in other communica- 
tions"’' ■ and shall not repeat here. At the beginning of our work, we 
made, for purposes of comparison -with pathological cases, a series of 
arteriograms of the blood supply in normal cases in various age groups, 
and by the study of these arteriograms we established certain criteria 
for the normal blood supply : 

1. The femoral, popliteal, and tibial arteries with their branches pre- 
sent a smooth, regular course. They decrease in size as they progress 
toward tlieir termination, but at no point is there any narrowing of the 
channel by iilaques or other types of obstruction. 

2. Tlie large muscular branches are given off uniformly from the large 
trunks and are long and evenly distributed. 

3. The small muscular branches are numerous and are given off at 
regular intervals from the larger branches. They terminate in fine 
twigSj which in turn supply even finer twigs to all parts of the soft tissue. 
The whole process may jiroperly be described as arborization, and the 
picture is precisely the picture seen in the brandies of a tree. All parts 
of the muscular tissue are uniformly supplied, and the terminal twigs 
literallyy cover the entire muscular area (Fig. lA), 

4. The hallmarks of a normal vascular supply may be set dovm as 
smoothness of contour, regularity of pattern, and adequacy of size and 
distribution. 

In arteriosclerosis there are several distinct patterns of arterial ob- 
literation, which vary widely in extent. In one group of cases there 
is a gradual iiarrowing of the large tranks, with a variation in the de- 
velopment of the collateral blood suiiply. Sometimes the development 
of new vessels has kept pace with the obliterative proce.ss in the large 
trunlvs, so that obstructive symptoms never develop: when the large 
trunks have been completely occluded, an adequate collateral circulation 
has taken over their function. Sometimes the obliterative process out- 
strips the development of the collateral circulation and serious obstrac- 
tive symptoms are manifest early. At other times the collateral circula- 
tion takes the form of large,' tortuous vessels, which seem to carry an 
adequate volitme of blood, to the extremity, yet which actually do not, 
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as serious obstructive symptoms promptly supervene. In another group 
of cases the large trunks may remain patent and the obliterative process 
may be confined chiefly to the smaller vessels; in such eases serious symp- 
toms of obstruction are ahvays pi'Csent. In the final group of cases the 
obliterative process involves uniformly the entire arterial system of the 
extremity, and marked symptoms are of coui’se inevitable. 

Our present communication is based upon an anaij'sis of the vascular 
changas, as demonstrated by artcriograpliy, in a series of 41 eases in 
•which intermittent claudication was the outstanding symptom, and in 
all of which the basic vascular pathology was arteriosclerosis. In most 
ea.ses other signs and symptoms of vascular degeneration were present 
in addition to the exercise pain, and in eight ea.ses gangi’cnc of one or 
more toes was 'also exhibited. There was a wide variation in the dura- 
tion and severity of the exercise pain. In some instances it appeared 
when the iiatient had walked less than a block, while in other instances 
the patient could walk as much as ten blocks before it appeared. In 
all patients the jiain was typical, in all it affected the calf muscles, anci 
in almost all it was bilateral. The period of rest neeessarj' for relief 
varied from one and one-half to fifteen minutes. 

The age range in this group was from tliirty to seventy-five years, with 
the average age 51.4 years. White males predominated, followed in 
order of frequency by white females, negro females, and finally negi’O 
males. The .scries of ca.ses is obviously too small to make deductions from 
these findings of any value. 

All the pictures Avere made in the basal state, that is, during a rest 
period, and at room temperature, in order to rule out the effect of exer- 
cise or of increased local temperature on the vascular picture. All pic- 
tures were taken so that tiic entire pattern was visualized at the .site at 
which pain Avas most pronounced. In other Avords, all the aiteivograms 
shoAved the loAver femoral and popliteal arteries and the arteries of the 
upper tAVO-thirds of the leg. The piclui’cs Averc studied first by normal 
standards, and then in comparison Avith each other, in order to deter- 
mine both A'ariation.s from the nox-mal and changes in the vascular pat- 
tern common to all cases. To simplify the comparisons aa'g divided the 
arterial .system of the extremity into its component parts, these inelud- 
ing; the loAver femoral artery; the popliteal arteiy; the anterior tibia! 
artety; the posterior tibial artery Avith its main branch, the peroneal; 
the large muscular branches; and the secondary muscular branches unth 
their terminal tAAJgs, AvJiich latter aa'cit* .studied AA'ith the aid of a mag- 
nifying glass. 

Our findings fall into three distinct groups, some of which are further 
suhdiA'ided : 

3. In 21 cases there Avas complete obstruction at .some part of one of 
the large trunks; 

femoral artery Avas obstructed. In four 
0 esG the lumen of the popliteal arterj^ Avas narroAved, but the vessel 
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filled from a collateral supplj’'; in the other ease the ohstriictioii extended 
through the popliteal artery. In all five cases the tibial arteries and tlie 
peroneal were patent and were filled fromn;ollateral vessels. 

B. In twelve cases the popliteal artery was obstructed. In eight of 
these cases the upper portions of the posterior and of the anterior tibial 
artery were obstructed, as was the popliteal artery; in the other four 
cases these arteries were patent throughout. The tibial vessels were 
usually .filled at a lower level by communicating branches. 

C. In four cases there was a marked narrowing of the femoral and 
the popliteal arteries, with obstruction of the anterior tibial artery in five 
cases and of the posterior tibial and the peroneal arteries in one ease. 

2. In six cases there was a definite, marked narrowing of the lower 
femoral and the popliteal arteries, although in no instance was the ob- 
struction complete. Sometimes the constriction was uniform, sometimes 
large atheromatous plaques protruded into the lumen, producing almost 
complete obstruction at these points. 

The collateral circulation in these cases varied considerably. Some- 
times severaT large collateral vessels originated above the obstruction 
of the popliteal artery and extended well down into the calf muscles. 
Sometimes the attempt at the formation of a collateral circulation was 
very slight. Sometimes collateral vessels extended the whole length of 
the leg and undoubtedlj'- carried a sufficient volume of blood to the 
extremity; the muscle fibers, however, did not receive adequate nutrition, 
since the new collateral vessels provided no small muscular branches. 

In all the eases in which one or more of the large trunks was com- 
pletely obstructed or markedly narrowed, it was strildng to note the 
diminution in the number of functioning muscular branches. This was 
particularly evident in the smaller branches, and some arteriograms 
showed large areas of muscle devoid of any small muscular branches. 

3. In fourteen cases the large vessels of the extremity were patent 
throughout their course and their lumina were within normal range. 
Sometimes their course was tortuous, but there were no points of con- 
striction or obstruction. Here the defect was in the small muscular 
branches, which were few in number, irregularly distributed, and con- 
siderably shorter than normal. There was also a marked diminution in 
the number of fine terminal branches given off from the muscular 
branches. This group of cases, we feel sure, is usually described as 
arteriolosclerotic, and it is important to note that the obstruction in- 
volves the small muscular branches, as well as the arterioles and 
capillaries. 

It is clear from what has been said that the single abnormality com- 
mon to all these cases is the obstruction of the small muscular branches 
with their fine terminal tvdgs (Fig. 1), or, to put it differently, the 
loss of the arteriolar and capillary arborization by means of which the 
muscle fibers are supplied. This is the only abnormality present in the 
third group of cases, and it is present also in the first two groups, in 
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Fis;. 1. — ron Jrjnvintrs from arterio.irraiiis of tlie lower thlgli and upper two-tlJnls of tlio leg. .1 shows the normal ar- 
terial pattern and n, O, D. E. F, (?. ami II show variations from the normal In artorioselerotic types of Intermittent 
claudication. Note the uniform distribution of the smaller nutritional arteries in the normal pattern (A), and the decrease 
in number and irregular distribution of tliesc vessels In p.athologic cases. 
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which there is complete obstruction or some degree of narrowing of the 
large tiTinks. Our studies show that the obliterative process may affect 
all the muscles of the extremity, or a single muscle, or even an isolated 
portion of some muscle. 

Further proof that it is the obliteration of these tine vessels which is 
responsible for the impairment of muscle function is supplied by re- 
peated arteriographic studies on patients whose intermittent claudica- 
tion has improved under treatment. In such cases we have never noted 
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The vascular patterns in intermittent claudication which we have 
outlined are the patterns seen during the resting stage, at which time 
there is no pain. It is now necessary to consider the changes which 
occur in the arterial supply during exercise, when there is pain. 

. In a . previous communication® on tliis subject we have shown that 
during the exercise or pain period in arteriosclerotic intermittent claudi- 
cation there is actually more blood flowing to the extremity than there 
is during rest; the increased volume flow occurs because many small 



Pig-. 3. — Case of gangrene of the toes, with complete obliteration of the popliteal 
artery. Intermittent claudication is not a symptom, presumablj^ because the de- 
velopment of small muscular branches (which note) has resulted in a sufficient 
volume of blood to the muscles. 

vessels are called into play by the exercise. It maj^ tlierefore be assumed 
that patients with intermittent claudication react to exercise as do 
normal individuals, though to a more limited degree. 

It is the abnormal distribution of the blood supply and the inaccessibil- 
ity of certain portions of the muscles whicli produce impaired nutrition. 
There seems no reasonable doubt that the vascular changes which we 
have outlined impair the nutrition of muscle fibers. There is alwaj’-s, as 
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we have pointed out, a diminution in the volume flow of blood to the 
various muscles, and there are ai'eas of muscle fiber in which the aitcrial 
supply is completely obliterated. These fibers, liowever, although de- 
prived of their immediate arterial supply, do not die promptly, as would 
be expected, since they receive nutrition through tlie tissue spaces from 
the venous circulation. 

Tissue cells, it must be remembered, do not come directly into contact 
with the arterial or venous blood. They receive their nutrition from 
tissue space fluid or lymph, which is derived from both the arterial and 
the venous circulation and which, various physiologists^ have shown, can 
be altered by obstruction of either of these circulations. Obstruction on 
the arterial side produces a dimini.shed lymph circulation, while ob- 
.struction on the venous side, or increased venous pressure, leads to an 
increased lymph flow. Nature has provided such a margin of safety 
between these circulatory .sy.stems that .slight changes in either produce 
no pathological results. If there is only a .slight change in the arterial 
flow, there will be a compensatory change in the venous flow to overcome 
it. An increased arterial flow cau.ses a more rapid venous flow, a slow- 
ing or decreased arterial output causes a decrease in the rate of venous 
flow, .so that the venous channels are kept filled. 

Normally the volume of arterial blood pa.ssing through the capillaries 
into the venous system is sufficient to keep this system well filled. Witlr 
exereisc there is a tendency to empty the veins with each contraction 
of the muscles, while with each muscular relaxation the veins are 
promptly refilled. In arterial obstruction, when there is a lowering of 
the intraarterial pressure and a marked diminution in the number of 
functioning small muscular branches, arterioles and capillaries, smaller 
quantities of blood reach the venous sy.stcm, which therefore fills more 
.slowly. During exercise the venous sy.stcm is repeatedly emptied, and 
when the muscle relaxes there is always some delay before the venules 
and veins are refilled. During rest the tissue space fluid is adequate 
for the nutrition of the muscle fibers; during exej-cise, on the other hand, 
the venous blood is emptied from the vessels and the tissue .space fluid 
is correspondingly depleted. 

The experimental work of Lewis and his co-workers” might be quoted 
in this connection. The theory which they have advanced to explain 
the pain of intermittent claudication is based upon an elaborate set of 
expeiiments dealing with the production of ischemic pain by obstruction 
of the arterial supply. On the basis of this work they conclude that 
pain is caused bj a product of mu-seular metaboli.sm, which they term 
factor P. The background, so to speak, is an inadequate blood .supply 
to the muscles of the parts, the inadequacy being evident onlv during 
exercise. When successive muscular contractions occur, the state of the 
muscle undergoes a progressive alteration, and, as this alteration takes 
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place, its product, the hypothetical factor P, is given off and collects in 
the extramusciilar tissue spaces. Factor P, which is a physicochemical 
product, with a cumulative action, is given off during exercise, they be- 
lieve, even when the blood supply to the muscle is adequate, but under 
these circumstances it does not rise to the pain level in the tissue spaces. 
In other words, although obstruction to the blood supply is the essential 
basis of the pain, the pain stimulus itself, the hypothetical factor P, is a 
product given off by the muscle fibers. 

Lewis’ theory is ingenious, but obviously, until factor P has been 
isolated, it must remain only a theory. It is true, furthermore, that he 
Avas dealing AAuth complete obstruction of both the arterial and the 
venous systems in normal muscles. On the other hand, it cannot be ques- 
tioned that the pain in such circumstances is similar to the pain of 
intermittent claudication in arteriosclerosis, and we are inclined to ac- 
cept his A'ieAA-s, except in one respect. In arteriosclerosis, one is dealing 
AAuth an arterial obstruction and the venous system is presumably patent. 
During rest the veins supply an adequate amount of Ij^mph to the muscle 
fibers. During exercise, hoAvever, the tissue space fluid is necessarily 
depleted. This is because, as the result of the loAvered blood volume, the 
veins Avhich empty during the contraction of the muscles in the period 
of exercise are not promptly refilled during the period of relaxation. 
As exercise continues and this cycle is constantly repeated, the tissue 
space fluid becomes more and more depleted. With the depletion of the 
tissue space fluid, an altered metabolism occurs in the muscle fibers, and 
an acute star Am ti on, so to speak, exists. Tlie result is that abnormal 
metabolites, such as the hypothetical factor P of LcAvis, are produced, 

■ and pain results. As the vmins are refilled during rest, the tissue space 
fluid is replaced, the abnormal metabolites are AAmsiied aAA'ay, the normal 
cellular metabolism once again takes place, and, as a result, the pain sub- 
sides. 
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INTERPRETATION OF ARTERIAL ELASTICITY FROM 
MEASUREMENTS OF PULSE WAVE VELOCITIES® 


I, Effect op Pressure 

J. Murray Steele, M.D. 

New York, N. Y. 


I N THE study of cardiovascular disease a considerable body of knowl- 
edge of the physiological behavior of the heart and the smaU vessels 
of the periphery has accumulated. The large arteries have, however, 
received only moderate attention in this regard and yet it is clear from 
the number of studies devoted to their pathological state that their im- 
portance for the circulation is well recognized. The relatively smaU 
number of studies concerned with their physiological state is due rather 
to the lack of accurate and direct methods than to lack of interest. 
Knowledge of the function of the vascular system as a whole eannot, 
however, be said to be complete without information as to the behavior 
of the larger arteries. 

Essential hypertension has been rather extensively studied with regard 
to the action of the heai't and the peripheral arterioles. No fact seems 
clearer than that peripheral resistance is increased in thi.s disease and 
that this increase is due to constriction of the arterioles.*’ ^ Informa- 
tion as to whether this increase in tone is confined to the muscular coat 
of the arterioles alone, or whether it extends throughout the musculature- 
of the entire arterial system might then be of assistance in analyzing 
the mechanisms involved. The chief function of the arterioles is, per- 
haps, regulation of the flow of blood, and in order to quantitate the func- 
tion one studies the latter. Similarly, the principal function of the large 
muscular arteries, aside from the very obvious one of acting as conduits, 
is dependent upon their ability to stretch, that is, upon their elastic 
properties. One studies, therefore, their elasticity. 

Hypertension was chosen for study because, as just stated, much is 
known about other parts of the circulatory system and especiallj’" because 
it affords, in the early stages at least, opportunity to study temporary 
or functional changes in the walls of the aiTeries. During the progress 
of this work, valuable information upon this particular point has been 
published by Haynes, Weiss, and Ellis" and by Weiss, Haynes, and 
Shore. Although the data in the two studies are somewhat similar, 
differences in mode of analysis and in interpretation of results have 
made th e continuance of work in this laboratory seem important. 


•From the Hospital of the Rockefeller Institute lor Medical Research. 
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. The method of measuring elasticity of arteries in the intact animal 
depends upon the close relation which exists between the speed of the 
pulse wave in, and distensibility of, an arteiy. The relation was first 
set forth in detail by Moens in 1878.*^ It is exact but is unfortunately 
somewhat complex in that a number of factors in addition to the elastic 
state of the waU afiect the speed of transmission. The subject has been 
recently and thoroughly reviewed in an excellent studj* of the relation 
of age to elasticity of the arteries bj'’ Hallock," and for this reason only 
a brief statement concerning the points pertinent to the present subject 
is necessary. It is plain from Moens’ equation (Fig. IM) that the speed 
of the arterial pulse wave depends upon at least four variables, one of 
which is the elastic state of the arterial wall. If other variables could, 
then, be kept constant or in some waj’' accounted for, an accurate estima- 


A 

V =1/ ^- Ea g = gravity 

A.” ^ E = coefficient of elasticity 

of the wail 
a = thickness of wall 
A = Sp. Gr. of blood 
d = diastolic diameter of 
, ^ artery 



?c57 


increase in volume per mm. Hg. 
increase in pressure 


Pigr. 1. — (A) Moens’ and (J5) BratnwelZ and Hill’s equation relating velocitv of 
propagation of the arterial pulse waA'e to elastic properties of the arterial wall. 


tion of tlie elasticity of the artery might be made. Unfortunately, this 
is not the case. Variables must be eliminated or their effects measured 
by all the means at our disposal, and even then their elimination is only 
parti}’' successful. 

Let us consider these variables successively and discuss what may or 
may not be done with eaeli. 

(1) The specific gravity of tiie fluid (blood) in the tube varies rela- 
tively very little and may, for present purposes, be supplanted by a con- 
stant factor. . 

(2) The diameter of the artery and thiclmess of its wall cannot, ob- 
viously, be measured directly in tlie intact organism. It is therefore 
necessary to compare observations made upon the same artery when at- 
tempting to evaluate variations in elasticity. Even so, arteries are 
known to change their diameter and thickness of wall by contracting or 



45i 


THE AMERICAN HEART JOURNAL 


I’elaxing the muscular coat. It is clear, however, that by changing mu.s- 
cular tone, elasticity is also altered. The ob.served change in velocity 
of propagation of the pulse wave is due partly to change in size of the 
artery and partly to change in elasticity. Bramwell and. Plilh in 1922, 
recognizing this fact, tran.sformed Moens’ formula so that it involved 
only .speed of the pul.se wave and pre.ssure within the artcjy (Pig. IB), 
permitting calculation of the pressure-volume curve for any given speed 
in a particular artery. They showed clearly that error due to thickness 
of wall and diameter was, in any one artery, small. It must be borne 
in mind however that the equation does not distinguish between tbe part 
played by the thiclcness of the wall and the diameter of the artery from 
that part played by the con.stitution of the wall. The curves obtained 
in this way are simply a measure of the sum of these effects upon the 
elasticity of the artery and not neee.s.sarily of the elastic .state of the 
walls alone. Change in speed of the pulse wave due to change in .state 
of the arterial wall and cliange in caliber of the ailmy seem, .still, to be 
inseparable. 

(3) Perhaps most important of all the variables which relate speed 
of pulse wave to elasticity is the pre.ssure within the artery. It is im- 
portant not only because it exeids a gi’cat effect upon the speed of the 
pulse wave but also because its plysiologieal variations ax’c rapid, fre- 
quent, and large. Prc.s.surc, as such, does not appear in Moons’ formula 
but is of course implicit in the elastic coefficient E which is a ratio of 
volume to pre.ssure. All observers agree, however, that cliange in pre.s- 
sure is not proportional to change in volume in such a way as to agree 
with Hook’s law. The coefficient of elasticity is therefore not a constant 
— it is a variable dependent, for one thing, upon pressure. 

Some notion of the magnitude of the effect of pre.ssure upon the dis- 
ten.sibility of the arterial wall may be obtained by considering a cuiwc 
of increase in volume for succe.s,sive increments of pre.ssure (Pig. 2) 
derived from a curve relating speed to pre.ssurc in an excised artery. 
It is plain that much greater force is required to obtain the same degree 
of distention at high than at low pre.ssiu-c.s. It is, consequently, nece.ssary 
to know at what pre.s.sure the cla.sticity of the artery is being measured 
before drawing conclusions coneeming tlie state of the wall. 

M hen velocit}' is iLsed as an index of distcn.sibility the pressure at 
vhich it is measured is, then, important. The problem becomes, in the 
intact animal, wliich pre.ssure is important — ^.systolic, diastolic, or mean ? 
Olniou.sly it is the pressure at which the pulse wave is transmitted and 
this i.s. in intact animals. dia.stolic pre.s.s'ui'C, since velocity of the pulse 
v.,i%e is cnstomarily calculated by mea.surements made upon the finst 
up.stioke of the pulse wave, i.e., the one which begins at the diastolic 
IfAcl of pre.ssuie. M iggers® has shown that the pressure waves produced 
at sy.stolic level travel at much higher speeds than those ordinarily 
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recorded for pulse wave transmission. Frank^° lias demonstrated that 
reflected waves do not appear upon the pulse wave soon enough to dis- 
turb the initial upstroke beginning at diastolic levels of pressure at least 
as far as the radial and femoral pulse is concerned. In spite of the fact 
that logic compels acceptance of the deiiendence of velocity of the pulse 
wave upon diastolic pressure, many Avorkers continue to attempt to 
relate the velocity of the pulse ivave to systolic pressure, mean pressure, 
and pulse pressure. And if one keeps clearly in mind that speed can 
nave only an indirect relationship Avith these leAmls of pressure the pro- 
cedure may Avell be useful. 



Pig. 2. — (A) A curve of the relation found to exist between speed of transmis- 
sion of the pulse ■wave along, and pressure "within, the normal brachial artery 
excised from the arm of a man aged forty years, eighteen hours after death. (2?) 
The curve joining tlie points marked X is calculated from the equation of Bram- 
"well and Hill and sho-ws the increase "with pressure of the force required to produce 
a given increase in volume ; the one joining the circles illustrates the progre.ssively 
declining increase in volume for each successive increase in pressure. 

But the usual reason for correlating the pulse Avat^e A^elocity Avith 
various pressure levels appears to be that in dealing Avith large groups 
of individuals most authors^^'^^ have been unable to find correlation 
Avith the diastolic level. The reason for this AAnll be made clear in a few 
moments. First it seems advantageous to describe seA'eral exiieri- 
ments in intact dogs designed to alter systolic AAuthout altering diastolic 
pressure, and the reverse, in order to test separately their effect upon 
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velocity of the pnlse wave. This step seems necessary becanse as Weiss 
and collaborators also have pointed ont confusion exists in medical litera- 
ture as to which level of pressure is the important one. 

The method of Bramwell and Hill® employing two hot wire sphygmo- 
graphs connected through AVheatstone bridges to two galvanometers and 
by stiff rubber tubes to two tambours in contact with the iliofemoral 
artery of dogs (Fig. 3) was used to measure the interval of time between 
the arrival of the pulse wave at two distant points along the artery. A 
cannula leading to a Frank manometer was placed in the internal iliac 
Jirst at its emergence from the iliofemoral artery. Three methods were 
employed for changing one level of prcssui’c without the other : First, 
partiallj’' clamping the aorta ju.st above the proximal tambour was found 
within certain limits to reduce systolic without altei-ing, significantly, di- 
astolic pressure; second, an arteriovenous .shunt through artificial 
peripheral resistance .iu.st beyond the distal tambour allowed some 
variation of diastolic without noteworthy change in systolic pres- 
sure. Two examples Avill suffice to illustrate their use. The first 
(Fig. 4) illustrates not only the effect of clamping the aorta but 
also the eonstanc}^ of the prcpai’ation in the absence of an}' meddling. 
The four parts of the record were obtained during a period of 
thirty minutes. When the aorta was sevej’ely clamped (0) the sys- 
tolic pressure dropped sharply udthout materially affecting the 
pxilse wave velocity or the diastolic pressure. Otherwise the record 
is quite eon.stant. Combinations of both methods are shown in the .second 
example. In A (Fig. 5) the aortic clamp is in place, wide open, the 
arteriovenous shunt closed, in B the aorta has been compressed to roughly 
one-third or one-half the cross .section. Systolic pressure has fallen 
sharply, neither diastolic pres.sure nor the velocity of the pulse wave has 
changed significantly and do not change with removal of the clamp and 
consequent return of systolic pressure to its previous level. When, with 
aortic clamp open, the artificial arteriovenous aneurysm or shunt is 
opened, the diastolic pre.ssure in tlic artei-y falls 20 mm. Hg, and the 
pulse wave velocity decreases from lO.T to 8.5 M./ sec,, whereas the 
systolic level is not matei’ially affected. Now when the aortic clamp is 
again applied (Z) and E) .systolic pre.s.sure falls rapidly while diastolic 
pressure and velocity of the pulse wave both increase slightly. With re- 
lease of the aortic clamp (F) the .systolic pressure retums to its former 
level but not until the arteriovenous sbiuit is closed (6?) do diastolic 
pressure and pulse wave velocity follow suit. 

The third procedure employed for changing one level of pre.ssure with- 
out the other was to cut the leaflets of the aortic valve by thrusting a 
barbed hook .sheathed in a long cannula until its arrival at the valve down 
the left carotid artery through the valve and vdthdrawing it. An enor- 
mous fall in diastolic pressure can in this way be induced without any 
di op, in fact n ith a rise, in .sy.stolic pressure. Velocity of the pulse wave 
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Pig-. 3. — A diagram is shown of the arrangement of apparatus for obtaining 
simultaneous records of pressure within and speed of transmission of the pulse 
wave along the iliofemoral artery of dogs, a, a, hot wire sphygmographs ; 6, 
sphygmograph enlai-ged ; c, c, Tnieatstone bridges ; d, Frank capsule and cannula in 
the internal iliac artery ; e, source of light ; /, prism. 

The inset in the right hand upper comer is a reproduction of an actual record. 
In this figure and in Figs. 4, 5, and 6, the black curves are written by the tvvo 
galvanometers, and from the difference in time between the upstroke of one and the 
downstroke of the other the velocity of the pulse wave is calculated. The curv'e 
■written in white is the record of pressure obtained by the Frank capsule. 



Fig. 4.- — Simultaneous records of pulse wave velocity and pressure obtained from 
the iliofemoral arterj' of a dog are shown. A, B, and D before and after, and C 
during application of an aortic clamp. 
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parallels closely the changes in diastolic pressure -without relation to 
either systolic or mean pressure. A single cxam])le is given (Fig. 6). 
Befoj-e cutting the valve, the sy.stolic level was during a fifteen minute 
period {A) about 158, the diastolic a])pro.xima1ely 118. The velocity of 
the pulse wave varied from 7.7 to 8.0 M. / see. {A). One cu.sp was then 
completely cut through and a small hole torn in another (as shown by 



*1. — Simultaneous records of pulse wave velocity and pressure obtained from 

tne Iliofemoral artcrj' of a dog are shown. A with aortic clamp and arteriovenou.s 
place, clamp open, shunt closed; S with the aorta partiallv clamped, .shunt 
^ill closed: C, I), S, and F arteriovenous .shunt open, C and F aortic clamp open, 
u ana E two stages in the closure of the aortic clamp ; (} as in A. 



sutec,|ucnt oxaminution of tho heart). S.v.rtolic level rose sliehtlv, 

fn'mdVrwr "■*<" « '-dorfty of the puke "va« 

diostolie'u.'e " '™ to slow the rate, 

<1 astol.e piossure and pulse wave veloeity both fell much farther. Dur- 
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ing- this period there was also a drop in systolic pressure (D) but a 
record taken during recover}^ from stimulation {E) secures a point in 
time when systolic iiressure has reached the original level while diastolic 
pressui’e and velocity remain at one-half their original values. Plainly 
velocity follows the diastolic level. In the last record {¥), the state im- 
mediately after section of the valve has again been reached. 

These observations strongly reinforce the logical argument that 
velocity of the arterial pulse wave depends, so far as it depends on pres- 
sure at all, unequivocally upon diastolic level. 



Pigr. 7. — Curves describing: the relation of pulse wave velocity to diastolic pressure 
obtained in tlie brachioradial arteries of four normal individuals are shown to 
illusti-ate variability among individuals. The observations obtained at the naturally 
existing pressures are marked by X- 

With the knowledge that speed of pulse wave varies with diastolic 
pressure in accordance with prescribed laws, the effect of pressure upon 
the speed of the pulse wave in the brachioradial artery in normal in- 
dividuals and in individuals suffering from hj^pertension was studied. 
If diastolic pressure is the one upon which the speed of the pulse de- 
pends, the methods of Bramwell, McDowall, and McSwmej'^® and Hem- 
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ingway, MeSwiney, and Allison"' for altering the effective pressure 
within an artery can be considered as altering essentially diastolic pres- 
sure. The method consists in measuring the speed of the pulse wave 
while a known portion of the arm between the two points selected for 
recording the arrival of the pulse waves is subjected to various external 
pressures. From these measurements the speed of the wave at various 
diastolic pressures in the region so treated can be calculated and pres- 
sure-speed curves constnicted for each subject. 



curves are shown relaUngr pulse wave velocitv anfl diTsf/ilfr nre?- 


From .s-ueh curves (Fig. 7) the velocity of pulse wave at any pre.ssurc 
may be calculated by reading off the velocity recorded at the intersection 
of the cun’e vuth the ordinate repre.senting the desired pressure. That 
indimdual curves are neee.ssary for calculating the velocity of each .sub- 
ject at a particular presmre is to be expected from the great differences 
between individual relation.ships noted by Hemingway, lilcSwiney, and 

Allison"' and found also in the present series. Four are .shoivn as 
e.xamples (Fig. 7). 
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The veloeitj' of the braehioradial pulse wave was measured in 48 
normal individuals whose ages vaided from thirteen to ninety-one years 
at the natural diastolic pressure and tlien a curve of the pressure speed 
relations was constructed for each individual in the manner just de- 
scribed. Ill 20 subjects from two to five curves were constructed for 
each. In contrast to the great differences between individuals the curve 
of a particular individual varies but little from week to week (Fig. 8). 
Tlie velocity at SO mm. mercury was then calculated for each individual. 
When the wliole group of velocities naturally observed is plotted against 
age it is readil}* seen that speed of the pulse wave increases ivitli age as 
has been repeatedly shown. And if the velocities are calculated at 80 



Pig-. 9. — ^^'’elocities of the pulse wave in the braehioradial arteries of forty-eight 
normal individuals are plotted against age ; above are the velocities obtained at 
natural diastolic pressures, belo-w are those calculated in the manner described in 
the text at 80 mm. Hg. In this figure and in Pig. 10, the solid lines represent the 
regression equations, the dotted ones, the standard error of estimate. 

mm. Hg and plotted in the same way, it becomes plain that adjusting 
them for diastolic pressure has not had an observable effect (Fig. 9). 
The standard deviation is one and a quarter meters and correlation with 
age is highly significant in either case (0.62 and 0.70). Correlation with 
diastolic pressure is not significant just as most workers have found. 
The reason for lack of significant correlation is probably due to the fact 
that the observed range of variation in diastolic pressures in normal peo- 
ple is plainly too small to bring out correlation with velocity in the pres- 
ence of the much larger variations in velocity found to occur from one 




^09 THE AMERICAX HEART JOURXAIy 

indiviaual to the next. The standard deviation of diastolic pressure is 
10.2 mm. Hg. A change of 10.2 mm. Hg in tlm average ™<i>«d“a 
ivould change the velocity of the pulse wave roughly only 0.4 and 0.6 ol 
a meter or one-third the standard deviation of the velocity of the pulse 
wave at a given age. 



Flij. 10. — The veloeltie.s of the pul.'ie wave in the brachioradia! arteries of seven- 
teen individuahs with arterial hyperten.slon (open circl<j.s) and of three with aortic 
Snyvnicicncy fcloaeO c-ireJes) are shown according’ to age; above at natural d/astollc 
pre.csure.s; beiov.-, calculated at $0 mm. Hg. 

Wiien one turns now to individuals with ]iyperten.sion in whom the 
level of diastolic pressure is far different from normal, the effect of pres- 
sure on the velocity of the pulse wave becomes clear because it is great. 
Tbe naturally recorded velocities in 18 patients in whom there was no 
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evidence of arteriosclerosis, were very liigli (from 8 to 16 M./sec.) (Fig, 
10 upper). When their velocities are calculated at 80 mm. Hg tliej’’ 
come to lie at, or even below, normal ones (Fig, 10 lower). Conversely, 
the velocities of normal arteries, calculated at 130 mm. Hg are as high as 
hypertensive ones. There is, then, no reason to believe that the dis- 
tensibility of the larger arteries in patients suffering from h 3 ’'pertension 
differs from the normal except perhaps as an after effect of stretching, 
a phenomenon of considerable interest and one about which more will 
be said at another time. It can from these observations be inferred that 
the tone of their muscular coats is probabl.v not greater than that of nor- 
mal subjects. There are exhibited also three cases suffering from aortic 
insufficiencj’' (closed circles Fig. 10) whose diastolic pressures ranged 
from 20 to 40 mm. Hg. Thej’" too have normal rates of transmission of 
the pulse wave at 80 mm. Hg. 

COMMENT 

If the speed of the arterial pulse wave is dependent upon the level of 
diastolic pressure, so far as it is dependent upon pressure at all, explana- 
tion of the close relation between speed of pulse wave and pulse pressure 
observed bj'- Hajmes, Ellis, and Weiss'* becomes necessaiy. This relation- 
ship can be onl^^ indirect and the presence of other variables affecting 
both speed of the pulse wave and pulse pressure is, at once, suggested. 
In the several distinct groups of individuals from which the data were 
obtained — normal, ly’-pertensive, arteriosclerotic, combinations of the two 
latter groups and a few individuals suffering from aortic insufficienc.v — 
certain factors which sliould affect both speed of pulse wave and pulse 
pressure would seem to be present. 

First in hypertension tlie high diastolic pressure is the factor upon 
which, both the high pulse pressures and high velocities of the pulse wave 
depend. For it has just been shown that speed of pulse wave increases 
with diastolic pressure. It is well-known that at high pressures a greater 
change in pressure is needed for the same change in volume than is neces- 
saiy at low pressures.^® Since there is considerable evidence that change 
in volume i.e., cardiac output and blood flow, is the same in h.vpertensive 
as in normal individuals-"’ the pulse pressure would, of neccssit^^ 

be increased. 

Seeondlj^, in arteriosclerosis, the rigidity of the arterial waU is the fac- 
tor upon which both the higli pulse pressure and the high pulse wave 
velocity depend. 

, Thirdl}’-, those individuals whose large pulse pressure is due to aortic 
insufficiencj’’, and in whom there is no increase in rigidity of the arterial 
wall either from simple stretching (increase in diastolic pressure) or 
from changes in the constitution of the wall, exhibit a marked contrast 
to the two former groups. The large pulse pressure is not accompanied 
by a high, velocity of the pulse wave. The velocities are, on tlie contrary, 
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rather low as are also the diastolic pressures. In short, velocitj^ of 
propagation of the arterial pulse wave is not directly related to pulse 
pressure. Association of these phenomena is due to the presence of some 
third factor, in the present instances, marked .stretching of, or change 
in structure of, the arterial wall upon which, on the one side pulse pres- 
sure, and on the other side velocity of the pulse wave, depends. 


SUMMARY 

1. It is well known that a considerable portion of the variation in 
arterial pulse wave velocity as measured in living individuals is due to 
size and thickne.ss of wall, and to pressure within the walls, as well as to 
actual changes in ela.sticity of the wall itself. When an index of the 
elasticity of the arterial wall is sought by measuring pulse wave velocity, 
the error due to size and thickness of the wall can in part be taken into 
account only by measurements carried out upon the same artery; that 
due to pressure can be largely accounted for by individual relationships 
found to exist between speed of the pulse wave and pressure. 

2. The pressure upon which the speed is dependent is not systolic, 
mean or pulse pressure but unequivocally diastolic pressure. The logical 
argument for this conclusion is supported by studies of pulse wave 
velocity canfed out in dogs in which the levels of systolic and diastolic 
pressures were varied independentl}^ The velocity of the pulse wave 
was not affected by variations in .systolic pre.ssure alone and hence neither 
by mean or pulse pressure. Changes in dia.stolic pressure only were 
regularly accompanied by changes in pulse wave velocity. 

3. When the effect of the higher dia.stolic pressures occurring in 
hjqiertensive individuals without obvious arteriosclerosis is taken into 
account, it seems that the elastic properties and, inferentially, the tone 
of the muscular coats, of the larger arteries behave like those of normal 
ones. 

Addendum.— Since the above article was written, M. Prinzmetal and E. T. 
Oppenlieimer have publislied ob.servations upon patients with hj’pertension (Edle of. 
Arteries in Peripheral Resistance of Hypoitension, Proc. Soc. Exper. Biol. & Med. 
36: f,7o, 1937) which strengthen the point of view just presented by fumi.shing 
evidence of an altogether diiforent nature tliat arteries larger than the digital 
arteries are not necessarily involved in producing hypertension. 
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SIMULTANEOUS QUADRILATERAL ACUTE ULCERATIONS IN 
THROMBO-ANGIITIS OBLITERANS: REPORT 
OP A CASE'^ 


David Littauer, JI.D., axd 
Irving S. Wright, M.D. 

New York, N. W 

IN' THE years since von Winiivarter^ first separated the syndrome 
which we now call thrombo-angiitis obliterans from the welter of 
ill-defined diseases of the circulation, phj'sieian.s have learned to diag- 
nose and treat the condition with increasing ease and accuracy. This 
report is deemed woidhy of presentation because we have been un- 
able to find any eAudence, either bj’’ a search through the literature or 
by inquiiy from the heads of a number of the largest vascular clinics 
in the country, of a previous patient Avith thrombo-angiitis obliterans 
who exhibited simultaneous acute quadrilateral ulcerations. The 
history and management of the patient also illustrate some specific 
pi’oblems in the diagnosis, treatment, and prognosis of the disease. 


CASE REPORT 

J. K,, a thwty-nbie-yciir-oJd Amcrkan bus chauffeur of Aryan stock, was seen In 
le ascu ar Clinic of the New York Post-Graduate Hospital on Peb. 23, 11)37. He 
^\as admitted to the hospital on the eaine day. 

His complaints dated hack two and one-lialf years, Avlien an ulcer developed on 

down finger. .After .several day.s of progre.ssion it Avas curetted 

n to the bone, and the Avound healed sloAvly in a few Aveek.s. Subsequently ulcers 

■ I 0^ the left hand, the 

left foot 4 T , toe of the 

nrfsnnf n * I but at the time of adrni.ssion at least one le.«ion Ava.s 

present on cacli e.Atremity, to be de.scribed below. 

PosSr-tfl e^si'^ted of diatliermy, injection.s of unknoivn com- 

reZo2 V ^ ’‘.'Tcrpyrcxiu apparatus, all Avithout satisfactory 

treatment \ lei "I’"'' admission, Avhile in the midst of the hyperpyrexia 

and wUl n 111 ; ^ fourth toe, 

ellT e pTc ,t n ‘-‘"'J time he Avas seen in the 

e llil on o o , ("-^'etJter this Avas true 

could n'otio d;;ir d^rii " 

^ ^r opera. 
ingestion of n-e bread iv'i« rare ' ^"tt^Ur-brand cigarettes daily for years; 

The general phvsie-d ^ bad decreased 2.5 pounds in tAvo years. 

noted beloAv. 1310^1 pres^uZZirZZm/TS^Zl^IZZ^ 

and brittle. The riaht fourth . f ‘ V ^ fingers Averc striated 

finger on the loft hand and the nad'wasVur? corresponding 

had been produced bv a previous ulcer i 'Hiis sliortening 

t. a prcAiou.s ulcer, a.s above noted. All fingers shoAved chronic 

t^-t- 

4 CO 
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rubor, especially the second and fifth on the left hand. There Avas a fluctuant dis- 
colored gangrenous area at the tip of the right third finger, and discoloration of the 
bed of the thumbnail. The left fifth finger was noticeably cooler than the other 



Pig. 1. — Appearance of hands on admission. Note ulcer on right third finger, 
down curving nail on right fourth finger, discolored nail bed of right first finger, 
ulcer on left fifth finger. 



Pig. 2. — ^Appearance of feet on admission. Note ulcers of right third toe and 
, left fourth toe. A lai-ge ulcer of the right heel does not show. 


fingers, and at its tip was a black, sloughing and crusted ulcer from whicli pus in 
small amounts could be expressed. Tlie Allen tests revealed defective filling of the 
left ulnar artery. The other major arteries of the upper extremities were smooth 
and strongly pulsatile (Fig. 1). 
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suppijini' the fifth ^flnKer‘^of‘'th^Te’rt han'Ie. The diclfal art. 

Htthl tofifi .h. ne, .-e,, 'TKr&SSSi S £ 'fei.f 
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The dorsum of the left foot was noticeably swollen. All toes sliowed rubor 
on dependence, especially the third and fifth on the right and the second and fifth 
on the left. On elevation all toes and the left foot blanched almost dead-white. On 



Fig. 3R. 

(See legend on opposite page.) 


the medial aspect of the right third toe was a large irregular area of gangrene; on 
the heel was a shallow irregular ulcer 1.5 cm. in diameter. An irregular necrotic 
area was present on the dorsal aspect of the left fourth toe. Both feet were cool. 
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The major vessels of the lower extremities were strongly pulsatile except the right 
dorsalis pedis, which was feeble, and the left dorsalis pedis, which was absent. 
After edema had subsided there were times when this could be made out faintly 
(Fig. 2). 

Oscillometric e.xamination of the extremities yielded adequate readings at all 
levels except the feet, where small but definite deviations of the needle could be .seen. 
Immersion of both ujiper extremities in water baths maintained at 42 to 46° C. 
(107.5 to 115° F.) for over forty minutc.s^ failed to produce a ri.se in temperature 
in the toes, although there was a generalized vasodilatation. Tests with tobacco 
extracts for skin sensitivity, performed by l)r. F. H. IVestcott of our clinic, were 
negative. Blood, serological, and urine examinations were negative. Blo'oil 
cholesterol was 165 mg. per 100 c.c. 

Arteriographie studies of the upper extremities with a contrast medium of thorium 
dioxide sol were performed, with the following findings (Fig. 3) : in the right 



Lig. 4. — Appearance of han?ls on <li.scharge, seven weeks later. 


upper extremity, the major vessels were well visualized down to the fingers. There 
was .«ome degree of obliteration of practically all of the digital vessels, with oc- 
clusion most marked in the fourth finger. In addition there was trophic absorption 
of the terminal tuft of the ring finger, and .similar, less marked changes in the 
middle and little fingers. In the left upper extremity all of the major ve.ssel.s 
\i.sualized well down to the fingers. There was obliteration of vessels supplying the 
fifth finger, and some obliteration of the arteries of the second and fourth fingers. 
Increased radiotransparency of the terminal phalanx of the fifth finger was ob.served. 
he dhingc.** tib hoen in I /j are typically tlio?e found in thrombo-ang^jitis obliterans- 
nfortun.iteh .itternpfs at arteriographie studies of the lower extremities were 
unsuccessful. 


Tnniment. Complete abstinence from tobacco was enforced. The patient was 
-ept m l>ed, with the lower extremities continuou.s]y covered with a cradle and with 
a therm ostatically controlled heating unit’' which kept the temperature within the 

heating unit /urni-shed through the kind- 
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cradle at 33 to 35.5° C. (92 to 96° P.). Tlie hands were immersed in warm boric 
acid baths for one hour three times daily for a week; at the end of this time the 
necrotic area at the tip of the left fifth finger could be lifted away, and the fluctuant 
tip of the right third finger had begun to drain pus. The nails were kept trimmed 
and small crusts were removed daily. After the first week the hands were soaked 
twice daily, and finally once daily. For the first few weeks the fingers were bandaged 
in dry dressings between soaks; thereafter no dressings were used. 

The ulcers of the toes and heel were covered with wet dressings of azochloramid 
in triacetin solution, 1:500. These were kept wet continuously during the day. The 
skin of both lower extremities was kept soft with lanolin. 

In addition to these local measures the patient was given typlioid vaccine* intra- 
venously, beginning with a dose of five million bacilli and increasing each dose 



Fig'. 5. — ^jVppearance of feet on discharge, .seven weeks later. 


by five or ten million organisms, depending upon the height of the fever reached with 
the preceding injection, the object being to obtain about two degrees C. of fever 
without chill. He received three injections weekly for the first four weeks, and two 
injections weekly thereafter. 

Within a week the ulcer of the right third toe healed, and a few days later the 
heel covered over. The ulcer of the left fourth toe responded more slowly, but by the 
end of the second week the purulent discharge had ceased and a diu' scab formed, 
which. was slowly lifted oil, revealing smooth new epithelium beneath. 

The, patient was discharged on April 14, 1937, seven weeks after admission. The 
condition of the extremities at this time is shown in Figs. 4 and 5. All ulcers had 
healed. The nail of the right third finger had fallen off. This finger continued 

, ’Tj-phoid vaccine. 100 million organisms per cubic centimeter. Prepared for 
intravenous use and supplied through the courtesy of the C. P. Ivirk Comnanv. 
Bloomfleld, N. J. 
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to be cyanoped. A small scab covering tlie depressed area was the only evidence 
of the large necrotic ulcer at the tip of the left fifth finger. Five viceks after dis- 
charge he was back at work, free from symptoms and without recurrence of open 
lesions. 


COMMENT 


Thrombo-aiigiitis obliterans most frequently first attacks the vessels 
of the feet, but it may appear in the upper extremities alone or in com- 
bination with the lower extremities. The disease is, moreover, charae- 
teristicall.y remissive and migratory, and open lesions do not usually 
appear on more than one or two extremities simultaneously. This is 
the first case in our experience, and in the experience of several large 
vascular clinics in this country, presenting the typical painful ulcers 
of the disease on all four extremities at the same time. It is of par- 
ticular interest also because in spite of tlie widespread involvement 
the lesions as determined by arteriographic and oscillometrie stiidies 
wei e practically confined to the smaller terminal portions of the vas- 
cular tree. Buergei'^ has described a few cases in which there was 
.symptomatic involvement of both upper and both lower limbs and ulcer- 
ations in two or three, during the protracted course of the disease. In 
1982, Ito and Asami,'’ reporting 27 patients treated by lumbar and 
sacral ganglionectomy, mention one in whom ulcers appeared serially 
on the digits of all four extremities over a pei'iod of years. This was 
not uncommon, of course, when the disease was allowed to progress 
unchecked before the present-day therapy was understood. Starr” 
describes a man. who had succe.ssive involvement of hands and feet, 
and who at one time had ulcers on the acral portions of thi-ee limbs. 

I’reatment was completely conservative. As has been definitely 
demonstrated," abstinence from tobacco is the primary, cardinal pidn- 
eiple in the treatment of this disease. 'We have found azoehloramid 
in triacetin, 1 :500, to be a helpful antiseptic wet dressing foi* use in 
puralent ulcers of the type de.scribed. Fever up to 39° C. (102° F,), 
without rigor and its accompanying marked vasoconstriction, was 
attained by the intravenous use of the dilute typhoid vaccine above 


noted. The height of this nonspecific type of fever urns regulated by 
increasing the dose by five or ten million bacilli with each injection 
if the pieceding treatment had not produced a chill or too .severe a 


febrile reaction. 


There was relief of the intense pain in the ulcerated 


areas after the second injection ; this is a frequent experience with 
typhoid vaccine. The use of thermostatically controlled heat as rec- 


ommended by Stan-** is extremely important, since overheatiiu«- of the 


extremity inci-eases metabolic demands, with resultant increase of 
pain and spread of gangrene. The temperature should be kept be- 
tween 83 and 35.5° C. (92 and 96° P.). 


Although the ulcers were completely healed at the time of discharge 
and have remained so to date, and although the patient no longer has 
claudication or rest pain, there is grave danger of a recurrence fol- 
lowing either smoking or local trauma to the extremities. We can 
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state, moreover, which fingers are in the most precarious condition, as 
follows : in the right hand the third and fourth fingers especiall.y, and 
in the left hand the second, fourth, and fifth fingers. These conclusions 
are based on the arteriographic studies which show the most marked de- 
ficiency in the arterial circulation to be iiresent in the fingers men- 
tioned. In other patients it has been jmssible to predict where the 
next lesions would occur, in the event of smoking or trauma, with a 
high degree of accuracy. 

SUMMARY 

The case history of a patient suffering from thrombo-angiitis ob- 
literans with acute simultaneous quadrilateral gangrenous lesions is 
presented. A search of the literature and inquiry among a number of 
the major vascular clinics in the United States has failed to reveal a 
record of any preceding example of this di.sease with quadrilateral 
simultaneous lesions. 

An outline of what we consider to be the most satisfactory form of 
therapy for thrombo-angiitis obliterans is included. After consider- 
able exi^erienee we have not been impressed with the results from new 
forms of mechanical apparatus, despite the broad claims which have 
been made for them. 
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AMERICAN HEART ASSOCIATION, 1937 

The Miirloeiitli .•iiuuial scif'iililic session of the Ainei’icfin 'lleai't Asso- 
eialion ^vas liehl on .Iiinc 7 and 8, .1937, at Jlolel JIaddon Hall, AllantJc 
Cil,y, N. J. 

Dr. .K. I\I. Landis, of Philadel])lna, j)resif](‘d at the ineeliiifr of the 
(Seelion for (lie Study of (he I’eripheral (’ireidation on iMonday, .Line 
7. The followin;^ ]irograni was pre.scnted. 


.I'JJOOltAM OK 'I'lIK .SKCrtON KOR TltK .STI.tny OK 'I'HK (M R(!(j OATION 


Oli.sorvatlonB on PhlobltlR. Jvhvurd A. .Kihvanl.M, jM.I)., HohIoii, iMuss. Sru! 
imp! 


Tho Troatinont of Scloroclcrma Ijy Moans of Acetyl Beta Motliyl Cliollnc Chloride 
(Mocholyl) lontophorosls. A. Wilhur Diiryeo, M.l)., luid Irvijifj 8. AVrighf, 
M.l),, Now York, N. Y. 'I'o lie jnildisliod. 

Tho P.athologlc.al Ba.slH for Intormlttont Olandlcatlon In Artorlosclorofils. .1, 
Ross \’oiil, M.D., Now OrloiHis, Ln. Hoo pap! 

Studic.s in tho P.athology of Vascular Dlsoaso. Milton Wiiitorniiz, M.l)., R. M. 
1 lionias, M.l),, and I’. Jt. I..o Ooinpto, M.l)., Now ]lav('n. Conn. Sis' pap' .'!!•!). 

Exporioncos With tho Consciwatlvo Man.agoinont of Suddon Occlusion of Arteries 
of tho Extremities. Louis O. llorrmann, M.l)., Cinoinnali, Ohio. 


Alt.STKACT 

I ho iinporluul, raolors in the syinjiloinalology and diagnosis of nouto aricirial 
()(,(, Insiou aio oniphusizod and (lu! nio<;hanisin of prodiiol ion of tho aoiito arlorinl 
insnllii.iono,_> after ondiolisin, tliroinhosis and ligation is discussed. Special <!nii)haHi.s 
JS placed upon vasoconstriction and .soginontal arterial spasm which is usually prosont. 
N asodilatat ion must, he hrought alnait early to prevent disintegration of tissue while 
an adecpiaio collateral arterial circulation is being established. Tho jnechanisni of the 
establishment of collateral arterial circulation and the ways of aiding its estiddish- 
nu.nt 1),! ding therapy, controlled environmental temperature, light su]ierticial 
m.is.sigi,, ojUinmm level of resting extremity, and passive vascular ijxorcises are 
! 1 . ( Ussi.d. I he physiological basis for the use of jiassive vascular exercises is 
presented with einjihasis upon the type of alteration of the environmental pressures 
most suited to do this work. The danger of e.xce.ssive heat, elevation, or persistent 
venons congestion is emphnsi/.ed, and the four main courses which any acute arterial 
occlusion may lake are shown. 

•"*'**"* Iwenly-ime inslanees of acute ma.jor arterial embolism, 

^d acute major arterial thrombosis, and nine instances of 
icute anerml occlusion due to trauma or ligation is j, resented. In summari/.ing the 
I so conservative Iherajiy, only six major aminilalions were ]i('rformed in iif(.r* 
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three cases. At the end of three months, forty-one patients were living and well. On 
the basis of our experiences during the past five years, we believe the conservative 
measures are indicated in most cases of acute arterial occlusion. 

Factors Affecting Vascular Tone (George Brown Memorial Lecture). Walter 
B. Cannon, M.D., Boston, IMass. See page 3S3. 

Hypertension Produced by Constriction of the Renal Artery in Ssonpathectomized 
Dogs. Norman E. Freeman, M.D., Philadelphia, Pa., and Irvine H. Page, M.D., 
New York, N. Y. See page 405. 

Interpretation of Arterial Elasticity From Measurements of Pulse Wave Velocities. 
J. d^lurray Steele, M.D., New York, N. Y. See page 452. 

The Physiological Effects of Extensive Sympathectomy for Essential Hsijerten- 
sion. Edgar Y. Allen, iLD., and A. W. Adson, ]\I.D., Eochester, Minn. See 
page 415. 

D1SCU.SS10X 

Discussion of the paper, ‘ ‘ Observations on Phlebitis, ’ ’ by Dr. Edwards. 

Dr. Alton Ochsner, New Orleans, La. — As probably many of you know, Bancroft 
and his associates for a number of years have attempted, in postoperative cases, 
to differentiate the potential clotters from i)otential bleeders; and in a recent com- 
munication before the American Surgical Association last week they reported a rela- 
tively large series of cases and found that in the cases examined postoperatively 
approxiniately 12 per cent were potential clotters. It was in this group of in- 
dividuals that they believed they could accompli.sh a great deal prophylactically 
by giving the patients sodium thiosulphate and also bj' putting tliem on a low protein 
and high carbohydrate diet. 

‘As regards the tlierapeusis of thrombophlebitis, for appro.ximately five years 
we have been using leeches. AVc have re\nved probably one of the oldest therapies 
in medicine, and the results have been gratifying. We have had a few more than 
fifty cases, and it is quite remarkable wdiat can be accompli.shed if, as soon as the 
phlebitis oecui-.s — and the sooner the therapy is instituted the better the results — ■ 
one will apply leeches along the course of the vein. If from four to eight leeches 
are applied, the number depending upon the .severity of the case, usually within 
five to six hours the pain is completely relieved; within twenty-four hours the tem- 
perature has begun to fall, and tlie convalescence is shortened by weeks. 

At the time we made our report three years ago, the suggestion was made that 
leeches might be used in the treatment of thrombosis of the coronaries. Dr. 
Lilienthal, of New York, tells me that he has observed two such cases in which 
leeches were used. Hirudin, which is an active principle of the leech's head, will 
cause a softening and Avill dissolve a clot in vitro, which can be demonstrated very 
.readily. The systemic effect of the hirudin is marked as well as the local effect. 

Eelatively recently in Toronto heparin has been used postoperatively. Dr. Galli 
informs me that he and his associate.s, in apps'oximately 300 cases, have used 
intravenous infusions of heparin postoperatively and have eliminated the incidence 
of postoperative thrombosis and embolism. 

The advantage of Bancroft 's work is that one is able to detect these potential 
clotters. Dr. Lilienthal is so convinced of the efficacy of leeches that lie now uses 
four leeches in every laparotomy. He applies the leeches on the fifth day, and, 
although his experience has not been large since the institution of this therapy. 

- he believes that he can eliminate thrombosis and embolism. 
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Dr. N. W. Darker, Eoclie.sler, Minn. — I was very mudi inleicstcd in Dr. Edwards' 
excellent paper. He has brouglil out several points wliicli .stimulate further in- 
vestigation of the somewhat neglected problem »>f thromboplilcbitis. 

It is a rather unfortunate commentary on our nie<lical progress tluit we have dis- 
covered very little concerning the etiology of thrombosis and thrombophlebitis since 
Welch wrote his classical article on the subject in 18St8. Welch stated that there 
were probably three factors concerned in the production of intravascular thrombosis: 
a local le.sion of the vessel which might be degenerative, infectious, or toxic in 
origin; a disturbance of the clotting mechanism of the blood; and stasis of the 
blood stream. 

Experimental evidence is still conflicting regarding the role ol direct bacterial 
injury to the intima of the vein as the starting point for the thrombophlebitis which 
follows operation, childbirth and severe infectious disease, for it is usually impossible 
to recover the organisms from the le.sion in the vein itself. However, we almost 
always consider that the lesion of the intima may be caused by a toxin elaborated 
from bacteria in some distant part of the body. 

I would like to a.sk Dr. Edwards if the evidence of sympathetic stimulation and 
irritation in femoral and iliac thrombophlebitis has been obserx’cd consistently or is 
an exceptional occurrence. 

1 disagree with him regarding the harmlcssnesa of the injection of varico.«c veins 
in which spontaneous acute or subacute thrombophlebitis exists. I have seen one 
such case in which a marked extension of tlie thrombosis into the femoral and iliac 
veins followed injection of a varix in which there was localized subacute spontaneous 
thrombophlebitis. Also, 1 have seen a similar case in which injection was followed 
by extensive cellulitis of the leg and septicemia. 

When one is confronted with a case of thrombophlebitis, particularly if it occur 
following an operation, one always considers tlie po.ssibility of a pulmonary em- 
bolism, However, the evidence is accumulating that once the clinical signs of 
thrombophlebitis of the large veins of the leg are detinitoly manifest, the danger 
of the thrombus becoming an embolus is very small, approximately 2 per cent in a 
series which 1 have recently studied. Conversely, in a fairly large number of cases 
of f.atal pulmonary embolism, in only 4 per cent had there been previou.sly recog- 
nizable femoral or iliac thrombophlebitis. When one makes a hi.stological examina- 
tion of the actual embolus adiich produces death in these cases, organization at the 
margins of the embolus is absent. We know that organization of a thrombus in a 
vein takes place rapidly. Therefore, it would .seem that these emboli are detached 
portions of a j’clativcly fresh throtubus which may have been present only for a 
matter of minutes or hours. Once the .sign.s and .symptoms of clinical thrombo- 
phlebitis are present, it is probable that the patient is pretty well protected against 
the loosening of that particular clot. I have seen only five cases in which fatal 
pulmonary embolism followed a femoral or iliac thi-ombophlobitis. In each instance 
necrop.sy proved that the embolism did not come from the limb where the phlebitis 
nas recognized clinically but from the opposite limb which previously had not 
exhibited signs of thrombophlebitis. Therefore, the danger of pulmonary embolism 
in cases of clinically recognizable thrombophlebitis of the femoral and iliac veins 
lies in the possibility of the development of an entirely fresh thrombus in a different 
vein duo to the persistence of the same factors which were re.sponsible for the 
original thrombophlebitis. I believe that this is an important point to be considered 
in the treatment of these cases. 

Dr. Ediuards. Dr. Barker has raised the question of the frequency of the 
phenomena due to sympathetic irritation. Some of the less startling reactions, such 
as the sweating, are fairly common. Minor degrees of arteriolar constriction giving 



SOCIETY TRANSACTIONS 


477 


coldness are also common. Constriction of the larger arteries as evidenced by coldness 
and diminution in the arterial pulse is less frequently seen but is not rare. Finally, 
complete .spasm of a major artery, such as a femoral, is rare. 

In the treatment of varicose phlebitLs, I believe the ligation to be most important. 
The injections are less important and can sometimes be omitted. I quite agree 
that using large doses of sclerosing fluid may temporarily increase the inflammaiion, 
but I have never seen bacteriological evidence of infection result. Tlie fluid should 
be injected in small amounts, and in only one or two areas at one sitting. 

Discussion of the paper, “The Treatment of Scleroderma by Means of Acetyl 

Beta Methyl Choline Chloride (Mecholyl) Iontophoresis," hy Dr. Duryee and 

Dr. Wright. 

Dr. Edgar Y. Allen, Eochester, Minn. — ^1 wish to compliment Dr. Duryee and 
Dr. Wright on tliis contribution. Wliile I have had no actual experience with this 
method of treatment, I have observed some of the cases treated by Dr. Duryee and 
Dr. iWiglit, and it did seem that these patients were improved. 

It is to be hoped that the essainsts null use some objective method of measuring 
improvement, but the fact that they have not done so does not discount in any 
way the results whicli they have reported. 

It has been said that the diminution in circulation in scleroderma is a direct result 
of the tightening of the .skin which interferes with tlie flow of the blood through 
the arteries and arterioles. However, arteriogi-aphy offers evidence that this is not 
true, for the arteriograms in scleroderma have much the same appearance as do 
those in uncomplicated Eaimaud ’s disease in which there is no tightening of the 
skin to interfere with the circulation. Two common findings in both acrosclerosis 
and uncomplicated EajTiaud’s disease are absence of the filling of the distal portions 
of the digital arteries and diminished caliber of these arteries. It appears, there- 
fore, the mechanism of the diminution of the peripheral circulation is the same 
in, Eaynaud's disease and acrosclerosis. There is also clinical evidence for this, 
as many patients with acrosclerosis have vasomotor .siTiiptoms indistinguishable 
from Baimaud ’s disease, and many patients with uncomplicated Eaimaud ’s disease 
may develop scleroderma subsequently as a complication of that condition. 

At the Mayo Clinic we have had considerable e.xperience with ganglionectomy in 
the treatment of scleroderma. The results are from good to indifferent, and so 
mail}' of them are indifferent or poor that one welcomes an additional method of 
treatment of this very disturbing condition. 

I was . particularly impressed by the observation pointed out by the essajdsts that 
scleroderma improves not only in the areas to which iontophoresis is applied but 
in other areas as Avell. This would imply that the improvement is not due to local 
action but to some general effect. 

I should like to ask Dr. Durj-ee and Dr. Wright if they have tried application 
of mecholyl by inunction. I should like to ask also if Dr. Duryee and Dr. Wright 
consider the possibility' of the development of sclerosis of the coronary arteries in 
their patients. It has been shown that repeated infusion of mecholyl into dogs 
leads to a high degree of sclerosis of the coronary arteries. 

Finally, I .should like to say that this is a A-ery excellent contribution, and it has 
been extremely pleasant to hear the subject presented so conseiwatively and to 
hear encouragement about this type of treatment. 

Dr. Wright . — I will not attempt to answer Dr. Allen’s question because Dr. 
Duryee can do that quite ably. Since Dr. Duryee left Hew York several days ago, 
however, I have seen the first patient who I believe has had a more or less serious 
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relapse following this therapy, and this serious relapse brings up the question as 
to the mechanism by which this disease is caused, because this woman has been sub- 
jected to a very great nervous shoch. As we go over our patients witli scleroderma, 
I think we are all impressed with the fact that a considerable percentage of 
these individuals have been subjected to some rather serious nervous strain preceding 
the onset of the illness, but even more often, it haiipens that in the course of the 
disease they are made suddenly much worse by nervous shocks. This woman had a 
daughter in a very severe automobile accident, and being assured that plastic 
surgery would produce a good result as far as the facial deformity went, submitted 
her to an operation. Instead of success, she discovered within the last few weeks 
that it is doomed to failure because of infection, and the girl will have many more 
scars on her face than she had to begin with. Thi.s girl being in her early twenties, 
the mother has taken it very seriousl,v, and the results have been, as I .say, the 
first really serious relapse we have seen during this form of therapy. 

From an etiological angle, I think we must conclude, on the ba.sis of this and 
our other experiences, that central nervous mechanisms, or .sympathetic nervous 
mechanisms, probably pla 3 - a greater part in the production of this tj-pe of 
phenomenon than local change in the .subcutaneous or cutaneous tissues. 

Dr. Geza do Talcutu, Chicago, 111. — We have .struggled with the problem of 
scleroderma, and welcome the suggestion of Dr. Durj-ee and Dr. AVright that we 
treat these patients with iontophoresis. 

I have tried ganglionectomies with no avail. 1 have done one paratln'roidectom,v 
with negligible results. Our observations on iontophoresis are limited to two 
cases, but I want to bring out one point as objective evidence of improvement, 
and that is the measurement of the resistance of the skin to the galv.anic current, 
which can be e.vpressed in ohm.s and for which measurement some of the more 
recent instruments are equipped. The last case, which .showed a very marked 
improvement, .showed that the galvanic skin re-sistance dropped from 40,000 ohm.s to 
4,000, which I believe is ver.v definite evidence that there is le.ss thickening of the 
skin. 

The .skin contains much more calcium in the affected than in the control regioms, 
but nevertheless we have never regarded the.se .sclerodermic areas as caused primarilj’ 
bj' a disturbance of calcium metaboli.sm, 1 feel that the process is of a chronic 
inflammatorj- nature, that calcium is simplv- depo.^ited there, and it is possible that 
changes in the paratln-roids are just a secondary- reaction to the local deposits 
of calcium. 

Dr. William A. Sodeman, Xew Orleans, La. — I think it of interest to report on 
a patient of Dr. Ochsner’s on whom Dr. Burch tind 1 measured the tissue pressure 
by a direct objective method for determining the pre.ssure in skin and subcutaneous 
tissue.s. This patient had had a right cervical sj'mpathectonn- and a piarathj'roidce- 
tomy so that we had control on one .side of the effect of the parathj-roidcctomj* 
alone. The tissue tension in this patient was the highest we have ever taken, 338 
mm. of water. Two weeks following the operation the patient had marked subjective 
improvement and objective improvement as well, as far as movement of the extremi- 
tie.s and so on i.s concerned, and the tissue pre.«sure had dropped about 125 mrn. of 
uater. The tissue pre<-;sure was the same on both sides, indicating that the re.“ult 
was due to the parathyroidectom}* and not to tlie .sv’mpathectornv. 

Dr. Duryeo.—ln answering Dr. Allen’s question as to the use of mecholyl by- 
inunction, I should like to state that we have used it in this manner but not with 
thus group of patients. We have been trying for the last three or four years to 
develop ,i simpler slow method of absorption from the skin, but so far our re.sults 
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have been discouraging. In the future we should control some of these patients 
by treating them with mecholyl over the unaffected areas to see if we get the same 
improvement. 

The question of coronary sclerosis is important in view of the fact that we have 
Iiad three deaths in this series. However, in none of the three eases was there any 
definite emdence tliat the death was due to coronary disease. One patient died 
of bronchopneumonia. The other two had electrocardiograms during their time 
in the hospital, and these electi’ocardiogi'ams were normal; unfortunately in neither 
case was there an autopsy. 

I am much interested in the work of measuring tissue tension. Dr. de Takats’ 
suggestion of measuring skin resistance adds another objective test for improvement. 
There is a lot more work to be done in this field before we can really evaluate 
this form of treatment. 

I wish to thank the discussers for their opinions and for their added discussions. 

Discussion of the paper, “The Pathological Basis for Intermittent Claudication 

in Arteriosclerosis, ’ ’ by Dr. J. Ross Veal, New Orleans, La. 

Dr. Benjamin Jahlons, New York, N. Y. — We have studied this problem from 
a different angle, and our results go far to confirm the results which Dr. Veal has 
presented this morning. 

By means of a method which we have termed electromyography, we have applied 
the princiides underljdng electrocardiography to a study of muscle function in normal 
and in diseased individuals, and we have found that normally we get a type of 
muscle curve which is associated with apparently normal circulation in the muscle. 

However, when this circulation is interfered with either artificially or as a result 
of disease processes, a change in this type of curve occurs, and we have found 
that by compression, even to a degree where complete obliteration or complete 
obstruction of the vessel does not occur, a change in the muscle curve is produced; 
instead of having the normal, monophasic curve, we get a diphasic curve wliich is 
always present, even when the compression has not gone to the point of completely 
obliterating the circulation through the major trunks. 

We have found this method of great value in making a diagnosis in early 
cases of peripheral vascular disease in which there is no obliteration of pulse, in 
Avhich the oscillometer fails to give you sufficient information to suggest that there 
is vascular disease, but in which symptoms are present of the nature of intermittent 
claudication. . 

Dr. A. W. Oughterson, New Haven, Conn. — I am sure we have all been interested 
in the observations which Dr. Veal has made of the occasional failure of correlation 
between the degree of obstruction and the presence of claudication, and I Avould like 
briefly to call attention to one method of producing claudication, which we perhaps 
all recognize, namely, the vasomotor spasm. 

. It is now well recognized that many diseases Avith vasomotor spasm may result 
in claudication,, but I doubt if it is very AA-idely recognized that in arteriosclerosis 
also, at least in the early stages, vasomotor spasm may play an important role. The 
incident which first called this to my attention Avas the temperature studies in an 
individual AA'ith an obstructiA-e, vascular lesion, in which the temperature of the 
iiiA'olA’ed limb at rest Avas higher than that of the normal limb at a room temperature 
of 68 degrees. HoAvever, folloAving exercise the temperatures of the limbs were 
reversed, the normal limb shoAved a A-asodilatation and the invoh-ed limb a A-aso- 
constriction. . This Avould seem to indicate that in the early phases of obstruction, 
and , obstruction A\-hich may be due to arteriosclerosis, the A-asomotor spasm may 
explain some of these cases of intermittent claudication, Avhich it is difficult to 
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< 3 xpl!iin otlier'v'ise. This vaso.spasni may be manifest only Jurjng exercise, and 
studies carried out on the limb at rest may actually sbou' an increased blood flow 
in the limb witli an obstructive lesion. 

Dr. Veal . — I would lilce to tliank tlie.«e /gentlemen for their discussion of my 
paper. There is one point I would add that we have not included in this paper. 
'VVe have made a series of oxygen saturation studie.s on these patients and com- 
pared the.se oxygen changes with those found in the normal patient before and 
after e.xercise. The oxygen saturation changes are similar in both group.s of piatients. 
There was no greater decrease in the o.xygen .«aturation of the venoms blood of the 
claudication cases during their e.xercise pain than in the normal jjatients under 
a similar amount of exercise. 

Discussion of the paper, “Studies in the Pathology of Vascular Diseases,'’ by 

Dr. Wintemitz, Dr. Thomas and Dr. LeComptc. 

Dr. Emanuel Libman, New York, N. Y. — I do not think tliat it would be proper 
to let this pajjcr go without discus.rion. It seem.s evident that Dr, Winternitz and 
his a.s.soeiate.s have opened up an entirely new chaf)ter in the whole subject of the 
pathology of the blood ve.ssel.*-'. 

Incidentally, this work makes clearer our conception of the way of development 
of mycotic embolic aneuiysms. It shows that they may originate in infection by 
way of the lumen a.s well as by the pjroved pathway of embolic infection of vasa 
vasorum. 

In the cour.'-o of the pre.'-entation. Dr. Wintemitz made very clear the c.«sential 
differences between the jmthology of Buerger's disea.se and {irtcrio.sclero.sis. I 
empliasizc this point becfiu.^e paper.s have appeared in which the le.sions of Buerger's 
di.sea.se are clas.sed as arterio.'-clerosis. 

This work may well prove important in also throwing light on the ehange.s in the 
ves.sels in case.s of acute arteriti,“. 1 have no doubt that Dr. Wintemitz has thought 
about that and has ideas on the subject. 

Dr. irinfernits . — I have nothing to add except to thank Dr, Libman, of cour.‘'e, 
and to say that I think all aneurv.«ms .should be con.ridered anew in the light of the 
function of the different coats of the blood ve.“sel. 

For instance, there can be no doubt that the dis.secting aneiiry.sm arises from 
hemorrhage within the ve.'s.sel wall: it does not have its origin from a tear of the 
innermo.st surface. Slycotic aneury.mm may result from embolic proces.ses in the 
vasa of the vessel wall. One .«ees evidences of this po.ssibility in the cxten.“ion of 
the inflammatory proee.sses to the artery wall from the surrounding tis.sue. The rate 
of progre.s.sion of the jjroce.<-s in the .surrounding tissue re.^ults in many different 
vascular changes, many of which are exemplified in the tuberculous lung. The 
rapid occlusions are thrornbot/e in character; otiienvi.»e the ve.s.sel would not be 
obliterated and e,xtensive hemorrhage would be more frerprent. 

It may be pemiis.sible to make one other point. Vc.s.‘-cls arising from the intima 
and dividing into capillarie.s in the ye.“.sel wall, i.e., the intima, have their analog}' 
in the heart valves, Such vasa of the vessel wall may \at the portals for mycotic 
infection leading to aneurr-sm, and it i.s conceivable that the ve.s.sel ari.sing from 
the surface of the heart valves may play a .similar part in endocarditi.«. 

Discussion of the paper, “Experiences With the Conservative hlanagement of 

Acute Arterial Occlusion,” hy Dr. Herrmann. 

Dr. Geza de Takatu, Chitmgo, 111. — In analyzing Dr, Herrmann ’.%■ results, one is 
jmpre.-^.>^d by tlie high percentage of recovery of both limb and life. In fact, in look- 
ing over the avadable literature, the most important of which i.s the collective 
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review of the Scandinavian surgeons as siiown by iSTystroni, it is perfectly obvious 
tlxat Dr. Herrmann s results are far superior to any results published in the 
world literature. 

You may remember that in the Scandinavian statistics, 60 per cent of a total 
382 patients died; 20 per cent required amputation; and only 20 per cent left the 
hospital with a restored circulation; one-half of these patients were dead in three 
years. 

Now, obviously, the factors that determine the ultimate outcome of a limb 
affected by a vascular occlusion can be readily grouped into those which are out 
of our control and those wliicli we can control. We cannot control the condition of 
the heart, although I will come back to that point in a minute. We cannot control 
the condition of the vessel wall at which site the thrombosis occurs. Y'e may con- 
trol the time element, and we can control, as Dr. Herrmann has emphasized, the 
state of the collateral vascular bed. 

In regard to the condition of the heart, under the influence of Dr. Dilbert and 
Dr. Fenn, who are particularh' interested in coronary circulation, I have been 
impressed with the, damage done by digitalization of these patients. Such patients, 
when an acute embolus occurs, are in a state of shock. It is the consensus of 
opinion of the medical men working with us in Chicago that a great number of 
emboli occur because of a sudden overdigitalization of the.se patients, particularly if 
the emboli are secondary to coronary occlusion. 

I. have no opinion to offer on the .subject, but just bring this to your attention, 
because in the last five eases of embolism that I have seen, all of which were multiple, 
by the. time we got to see the patient, the patient had already received massive 
doses of digitalis although there was no obvious cardiac decompensation. 

With regard to the time element, I believe that papers like Dr. Herrmann's, and 
his teachings, writings, and his active work all around the country will finally give 
us the opportunity to see these patients earlier. We are not as fortunate in 
Chicago. I notice that half of his patients had arrived at the hospital (or perhaps 
they may have been at the hospital) before twelve hours had elapsed. In our ma- 
terial, most of the patients arrive so late that all we can do is to amputate, and 
I believe that the emphasis on the utmost urgency of seeing these patients eaily 
and instituting adequate, conservative treatment will save many lives and many limbs. 

The peripheral vasodilatation, as Dr. Herrmann has said, can be accomplished 
by a moderate amount of heat, by drug therapy, 'by vascular exercise, and by 
observing the optimum level of circulator^' efficiency. Recently, we have used small 
doses of sodium nitrite because it acts faster than papaverine and because later on 
it can be followed by injections of papaverine. 

It should be. remembered that no drug should be used that will lower general 
blood pressure to any extent because if it does, it will increase peripheral stagnation 
in the venocapillary bed. 

From all this it would seem, then, that embolectomy is an obsolete procedure. 
Dr. Herrmann has avoided mentioning under what conditions he would now perform 
embolectomy, and I feel very strongly, and agree Avith him, that embolectomy is 
not indicated, first of all in thromboses; second, it is not indicated if conservative 
measures succeed, such as he has described, and finally it is not indicated after 
ten to tAvehe hours, although there are a number of patients reported, particularly 
by Dr. Pearse, who haA-e had their circulation restored after tweh'e hours. 

.Noav the qhestion comes up, should embolectomy be done at all? In my own 
material, Avhich now comprises fifteen ea.ses of embolism and thirty -A a'c cases of 
thrombosis, there are only three patients in AA'hom I felt embolectomy should be 
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done. Tlie.se were the patients wlio were seen, within ten or twelve hour.s, and 
who liad shown no definite improvement after conservative measures. I feel that 
in .such cases, with a small exposure under local anesthesia, with adequate equip- 
ment, and with adequate, trained assistants, we can do no harm and we may 
re.store circulation. 

Tlie onlj' reason I believe embolectomy should not be discarded entirely is that 
the limb from which an embolus has been removed shows a far better circulation 
than the limb which has been saved by conservative measures. Dr. Herrmann has 
dwelt on this in detail. He has said that very often the.se patients have an ischemic 
neuritis, muscle atropliy, bone atrophy. These limbs arc sometimes so piiinful and 
so useless that they have to be amputated, and, when there is a chance of restoring 
the circulation so the pulse actually becomes palpable and the major arterial path- 
ways are restored, this benefit .should be given to the patient. 

But I thoroughly agree with him that embolectomy is a complicated, delicate 
procedure, and in the hand.s of the ca.sual surgeon can do more harm than good. 

In regard to amputations, I feel that, when the patient has, been seen twelve, 
twentv’-four or forty-eight hour.s after the attack, amputations should be urged, be- 
cause I have in mj- material some patients wdio have surv'ived multiple emboli, 
even though one or two of these emboli have occurred in the brain, and who 
are now fairly useful mcinljers of their community. The attitude still pre- 
vails among tlie general practitioners, among the internist.s, and also among 
the surgeons that once the patient has had an embolu.s and gangrene i.s pres- 
ent, it is just as well to let that jiatient die. 7'hat is a very faulty view, 
particularly wJien you know of some patients wlio have not only been relieved 
from their incessant pain and from the danger of .sepsi.s, but whose lives were 
saved. 

I wi.sh to .say that I had the opportunity of reading Dr. Herrmann 's paper in 
full, and I am greatly irnpre.sscd by tlie excellent results .shown by liim. They 
arc partly due to his education of the medical profe.ssion around Cincinnati, whicli 
enabled him to see these piatients in a largo percentage of ease-s within twelve 
hours. 

Dr. Norman E. Freeman, Pliiladelphia, Pa. — I am .“urc that we are all grateful 
to Dr. Herrmann for the clear pre.sentation of his experiences in the treatment 
of acute arterial occlusion. 

One additional raechani.sm may be worth considering, and that is the reflex 
vasoconstriction which occurs after the development of thrombosis or emboli.=m. 
Constriction of the collateral vessels may determine whether or not the patient will 
lo.se his limb or even his life. We do not know whether the vasocon.striction takes 
place as a local reflex from local trauma to the vessel at the site of the obstruction 
or whether it takes place as xi^irt of the generalized reflex vasoconstriction 
wliich is the body’.s respon.se to any traumatic stimulu.s. Recent obsen'ations on 
e.xperimental animals have indicated tliat reflex constriction does occur in collateral 
vessels. Pharmacological vasodilatation by the u.se of drugs has been discu.ssed. 
I .‘should like to .stress the importance of the prevention of physiological vaso- 
constriction. Since it is recognized tliat traumatic stimuli such as pain, cold, fear, 
and reduced blood volume produce contraction of the blood ves.sels throughout the 
body, control of these factors is ncce.ssary in order to assure adequate blood 
supply to all the tissues of the body. Only in wise the general condition of the 
patient can be brought to its optimum po.sitjon can the blood flow througbout the 
entire body be maintained at an adequate level. 

I think that it is particularly significant that such a surgical authority as Dr. 
Ercrnnanii should toll us not to use surgery* 
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Dr. E. Vesell, New York, N. Y. — I would like to ask Dr. Herrmann whether 
he has any. determinations on the blood pressure after the administration of 
papaverine. 

Dr. J. A. Oille, Toronto, Ont. — I would like to congratulate the surgeon on an 
excellent medical paper. It is quite an extraordinary experience. I would also like 
to ask Dr. Herrmann when he would do an embolectomy. 

Dr. Eerrmann . — For lack of time I have had to omit the discussion of many 
important points. The point that Dr. Freeman brought up, the general treat- 
ment of the patient, is most important and should have been emphasized. Dr. 
Landis and Dr. Freeman have shown that reflex vasodilatation is an important 
factor to be considered in this therap 3 ^ 

The question of when to do an embolectomy and when not to is one which I 
cannot answer in so many words. I entirely agree with Dr. de Takats when he 
says that it should be done in a limited number of patients because, when possible, 
it is the best way of reestablishing circulation. The thing that I am trjdng 
to discourage is embolectomy attempted by those who are not equipped to do the 
operation. It is a very delicate procedure, and the general surgeon who attempts 
an embolectomy once a year, or once in five years, null do more harm than good. 
If you are equipped and can definitel}' localize an embolism, as Dr. Allen and also 
Dr. Veal have done with the use of thorium dioxide, and tlien can get the clot 
put with a minimal amount of trauma, much good will result. The procedure should 
not be attempted unless it is absolutely necessary. 

I feel very strongly that the reason we get good results is because we liave 
the full cooperation of our cardiologists. We sometimes see patients even before 
they have the embolic occlusion, so to speak, that is, at the first indication of 
pain, and treatment is instituted before I ever see the patient. Consequently, the 
stage, is set for any type of treatment. Passive vascular exercise is certainly not 
a cure-all; it does help in certain cases to overcome the periplieral vasodilatation, 
but the scene must be set if it is to accomplish the best results. I try to emphasize 
this because you are tlie people who see these occlusions. 

No one questioned my statement that approximately 50 per cent of all arterial 
occlusions did not result in gangrene. I thinlc you can all remember cases in your 
own experience wliere an artery has been blocked; a foot has been pale and slightly 
painful for a while, and then the condition has disappeared. Tliese things must 
occur more often than we recognize, and so we must say that 50 per cent will not 
develop . gangrene, but it is with those who do develop gangrene that we must con- 
cern ourselves most. About amputation, I nnsh to emphasize again what Dr. de 
Takats has said, that amputation must be insisted upon early. I have many patients 
who have survived embolic occlusion because they had early amputation. 

Our problem is to tide the patients over these very serious episodes and to 
save as many legs as we possibly can. It has been a pleasure to be here today 
and I am glad the surgeons can contribute to the conservative therapy of such 
important conditions. 

Discussion of the paper, “Hypertension Produced by Constriction of the Eenal 

Artery in Sympathectomized Dogs,” by Dr. Freeman and Dr. Page. 

Dr. .Earry Goklblait, Cleveland, Ohio.— I feel that Dr. Freeman and Dr. Page 
have made a very important contribution to the study of the pathogenesis of experi- 
mental hypertension produced by constriction of the main renal arteries. This 
demonstration that even total sympathectomy fails to prevent or reduce the hj-perten- 
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fiion is tlie last piece of evidence tliat was necessary to show tliat tliis type of 
experimental hypertension is not due to a nervous reflex from the kidney and 
that the nervous part of tlie vasomotor mechanism does not play a primary or 
important role in its pathogenesis. Tliis centers the initiation of the hyiiertcnsion 
upon the reduced blood supply to the kidneys and makes highly probable the 
existence of a humoral mechanism of renal origin which affects directly the muscle 
of the arterioles. 

Various surgical procedures liave been practiced on the nervous system of human 
beings with hj^peitension with the idea of reducing the blood pressure. In a certain 
percentage of cases, no matter what procedure has been used, there has followed 
a reduction of the blood pressure of varying degree. I see no inconsistency between 
these positive results and the negative result.s obtained by the same procedure on 
this type of experimental hypertension. The two differ in one definite re.spect. 
In the experimental type of hj’pertension the reduction of blood .supply to the 
kidney is effected by reducing the caliber of the main renal arteries bj’ the applica- 
tion of a clamp. In the ease of human hypertension the counterpart of the clamp 
is sjiasm or narrowing of the renal arterioles due to organic tissue change. Xo 
.surgical interference with the nervous .system can loosen or remove the clamps 
and improve the circulation to the kidney.^. It is only when the clamps are removed 
or released that the hypertension can and docs return to the original level. In the 
kidneys which are associated with hyperten.«ion in man, the musculature of the 
constricted arterioles might still have the ability to relax in a certain percentage 
of the ca.'^es if tlie nervous control is removed. This would result in improvement 
of tlie circulation through the kidneys. The fall of blood pressure which has 
been obsen’cd may be due to thi.s rather than to an effect on a large pari of the 
vasomotor apparatus in the abdomen. 

The fact that these investigators have been able to sliow that there is no change 
in the blood volume in this type of experimental hypertension is to me a verj' 
significant contribution beeau.se it emphasizes tlie rc.«etnblance between this Ijiie 
of hj^ierten.sion and that which i.s a.ssociated with diffu.se %'a.scular di.sease in man. 
This means that the .study of the pathogenesis of hypertension due to renal ischemia 
may be of great value because the results may be directly apiilicable to the 
pathogene.sis of human hypertension. 

Dr. Isaac Starr, Philadelphia, Pa. — I would like to say a word about the dangers 
of using ergotamine tartrate as an agent for discovering physiological facts in 
survival experiments. 

It is well known that ergotamine tartrate in pharmacological experiments will 
reterse the action of adrenalin. It does not .“eem to be so well known that the 
dosages required to produce that effect are generally .so large that they do not 
permit survival of the animal. 

In the clinical literature there are numerous reports of attempts to secure sjm- 
patlietie block by doses of ergotamine tartrate which produced little physiological 
effect. That such block was actually .secured lias been assumed too easily. There 
is an easy control of the .situation. Worker.^ using this drug must prove that the 
action of injected adrenalin is blocked. 1 Jiave repeated .some of the clinical experi- 
ments m which it was alleged that, ergotamine caused physiological effects by 
means of blocking adrenine, or adrenalin, and after similar dosage, I could detect 
no blocking of an injected dose- of adrenalin. Therefore, it is obvious to me that 
people using ergotamine in experiments in which the animal survives, must prove 
t lat an injection of adrenalin is blocked, before they can draw physiological con- 
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aqj 's.^9BPPt 9q^ qSnoatu poojq Sbioioj jo asodand aqj joj po.T.Tnooo BOtsBajjad^tj 
aqj pBq 'jBtjj pajBdioijBB aABq ppoAt obq 'iBuitoB SBiBuiaj 'aoBB-iBap OBiBijBa.io 
JO BajB Xq joqjta pajosBata sb 'Avoq pooiq ibboj aqj 'ajBBBiCootqj Binipos sb tpns 
'sajBSBaBi iBatpatB snotJBA .•fq paoBpaj aq jt jaqjatpw jo iCpnooBBjBods jnaoo jt JoiijaqAv 
'sBOtjBjado asaqj jo jjnsoj aqj sb Jaqjia paanpaj st ajnssajd poojq aqj BaqAt 'jaAa 
-.vvoH. -ssanS s,iCpoqiCBB st 'asjnoa jo 'ojnssajd poojq aanpaj oj SBtjdtnajjB tnojj 
raaqj SBtjBaAOjd Bt sBBpiSifxjd paaBanqBt SBq ji tpnni Axog '^qnBJjj pBB tntaqnqoo 
oj qoBq sajBp jBqj, 'BOtjoBtij jBBaj jo jCoBaptga aqj qjtAt ojajjajtn jqSiBi ajttssajd 
poojq JO Botjonpaj jBqj sjBaX joj tnotxB jBaiBTp b sbav jt jBqj Avotrq jjb no_;\ 

•jBtod oqtjBaps SBtjsajajBt bb ajtnb si 

Jt qBtqj I PBB 'oBi passajdint SBq jj 'jajjBui jaqjo obo qjtAV asop oj ajqj pjnoAt j 
•jBBiqtjq ajB '^Cbs jsbbi j 'sjjnsaj aqj taotpw Bt bo pajBJodo Baaq OABq oqAv boisboj 
-jadiCq jbbbSijbbi qjtAV jqSia jo jno sjaatjBd aaJtp pBq aABq oav fAvoqoj SjCbavjb job 
saop siqi, -sasBO XpBa jCpAtjBpj bjb Biaqj jo jsour 'spjoAi jaqjo bi 'Ajinqixag 
JBpibsBA ojqBjaptSBoa iLwotp a.vBq oqAv sjBaijBd Bt ajB Baas sjjnsaj pooS aqj jo jsojvj; 

•BOisBajJodAq ajBjtdpajd oj sjBoijBd BiBjjaa Bt ajqB 
st tu^Js.^s SBOAJaB aqj jBqj — ^tptmq jBatutp b jCjbo st ji .Cbs jsnut j puB — ^SBtpaj 
aqj ppAB ifjpjBtj BBO OBO '.fpBonitp sjnatjBd asaqj SBitpjBAV bj 'Bonintoa Bt tpnui 
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Tlie second point is related to the specimen sho'wn in wliich there were multiple 
areas of occlusion without infarction ; sudden death occurred, presumably as a 
result of the rupture of an atheromatous ulcer. This case illustrates the fact that 
the heart can carry on although the reserve of the coronary circulation is greatly 
reduced; but if, superimposed upon such vascular impairment, a sudden accident 
takes place which further diminishes the reserve to only a small fraction of normal, 
there results what we have termed ‘ ' acute, fatal coronaiy insutBciency. ’ ’ But sudden 
death is not necessarily associated with the formation of a thrombus or an infarct ; 
dysfunction may be induced by any cause which brings about insufficiency of the 
coronary circulation. The terminal incident is frequently, but not always, ventricular 
fibrillation. 

Dr. Schlesinger . — The question was asked as to the injection of the accessory 
circulation by this method. In several of the hearts with spontaneous pericardial 
adhesions, tliere was no injection outward into the adherent pericardium when the 
mass was injected into the coronary arteries. 

The question of post-mortem clots obstructing the circulation of the mass is 
very eamly checked up on each heart. We always make a complete dissection of the 
coronary arteries in these hearts after they have been injected. This dissection is 
absolutely necessary to show which color mass has gone into which vessel and 
where they have mixed. In this dissection we uncover all ante-mortem and post- 
mortem clots. 

The question about the effect of simultaneous injection of both vessels on the 
flow from one to the other is an important one. We always start the injection 
of both vessels simultaneously, slowly raising the pressure to 130 millimeters of 
mercury and keep it there until it stays constant at that point. Tlien in all these 
hearts, in order to disclose any anastomosis wliich may be present, we lower the 
pressure on one side to zero, or below, maintaining tliat in tlie other coronary at 
150 , millimeters of mercury, and then reverse this process. When there are no 
anastomoses present between the two sides, even tliis extremely unphysiological 
relation between the two vessels will not force the injection mass from one side to 
the other. In the 22 normal liearts without anastomoses the same process of 
reversing and unbalancing the two coronaries was carried out without flow from 
one side to the other. Of course, at the site of vessels wliere there are anastomoses, 
this helps drive the mass from one side to the other. 

The question of wdiether the heart does not really carry on because of the newly 
developed anastomoses and compensatory circulation is of interest not only in the 
hearts with occluded vessels. Although I did not bring them along to this meeting, 
we have a few hearts with enlargement from other reasons, such as hypertension, 
rheumatic fever, etc., in which there also is a certain degree of anastomotic circula- 
tion established in the absence of any occluded vessels. Thus anastomosis between 
the coronary vessels can occur without occlusion if there is a need in some part of 
the heart, for more blood. This sequence is not as constant as that following the 
presence of an occluded vessel. We have not had a large enough number of this 
type of case to say exactly in which condition anastomoses occur, but we feel 
that anastomoses between coronary arteries always indicates a pathological heart. 

Discussion of the paper, “The Four-Lead Electrocardiogram in Myocardial In- 
farction and Coronary Insufficiency," by Dr. Bohning and Dr. Katz, 

Dr. Sidney P. Schwarts, New York, N. Y.— Dr. Bohning would have us believe 
that it is possible by means of serial electrocardiograms to differentiate between a 
patient with myocardial infarction as a result of an acute coronary vessel closure 
and a . patient with fibrotic replacement of the heart as a result of atherosclerotic 
narrowing of the vessels supplying that particular region. 
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As a controlled series for a study of tliis tj-pe, it would be essential to obtain 
serial electrocardiograms o%'er a period of years on patients with hypertension and 
enlargement of the left ventricle,, to follow such patients to the autopsy table, and 
to note whether underlying pathological lesions can be correlated with the electro- 
cardiograms obtained. I mention patients with hypertension as controls because 
the electrocardiogram associated with enlargement of the left ventricle in the conr.sc 
of hj'portcnsion would appear from the few studie.s available to date to show changes 
somewhat similar to those which Dr. Bohning has pre.sented today .as eh.aracteristic 
of patients with myocardial fibrosis. 

We have obtained serial electrocardiograms o\'er a period of years on twenty- 
five consecutive patients with hypertension and enlargement of the left ventricle that 
have come to .autopsy. The electrocardiograms obtained by us are almost identical 
with those which Dr. Bolinitig has associated with fibrolie replacement of the 
heart muscle in the presence of atherosclerotic involvement of the coronarj' ves.sels. 
However, in none of our cases was there cither fibrotic replacement of the heart 
muscle or any lesions of the coronary vessels. 

Con.sequently, I do not believe that on the basis of .such observations it is 
possible in the majority of cases to ditTcrentiate from the electrocardiogram those 
patients who have only enlargement of the left ventricle without coronarj' vessel 
involvement from similar cases with fibrotic replacement of the muscle. There is 
no doubt in my mind from correlated studies to date between the clinical investiga- 
tion!?, the electrocardiograms, and the underlj'ing pathological lesions that when 
infarction or fibrotic replacement of the heart muscle tabes place, we have in most 
instances a verj* definite pattern in the electrocardiogram sueh ns i.s well known. 
Dr. Bohning’s ideas, however, remain j-et to be proved. 

Dr. Arthur M. Manicr, New York, N, Y. — Some of the dilhcullies of correl.ating 
the electrocardiographic findings and even the clinical findings with the pathological 
findings can bo brought out by our experiences recentlj’. We have done what Dr. 
Saphir and his collaborators suggested. We reviewed some 79 hearts that came 
to autopsy following death from coronary artery occlusion, and at the suggestion of 
Dr. Paul Klemperer and Dr. Louis Gross we reexamined and rcchecked 42 of the 
hearts. We made verj' frequent cross-sections of the coronary arteries throughout 
their entire course, and in these 42 hearts where previou.slj' some 80 occlusions had 
been reported we aetnalh’ found 105. We found that even when an acute occlusion 
is present, 40 per cent had not onlj' one but at least two acute occlusions. We 
found that where previous occlusions were present, in 80 per cent of the Iiearts there 
were at least two or three previous occlusions. The multiplicitj’ of occlusions illus- 
trates the difficulties of correlating the electrocardiograpliic findings with the location 
of infarcts. On tlie other hand, in the majoritj' of cases we had the same experience 
that Dr. Bohning had. There was correlation. We found, as Barnes has and as 
bitten has, that the left anterior descending .sliould not be called the artery of oc- 
clusion; that the right artery is as frequently involved as the left; that the posterior 
surface is as frequentlj’ affected as the anterior surface. 

Dr, Bohning. In answer to the first question, I think a differentiation should 
bo made as to the electrocardiographic changes related to acute or subacute myo- 
cardial injury and those due to chronic mj’ocardial involvement. Most authorities 
agree that the S-T deviation is related definitely to changes involving the mj'oeardium. 
The changes due to enlargement and the changes due to the placement of the heart 

Jii the chest are, I think, more often related to variations in the form of tlie T-wavc 
and the QRS complex. 
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We have made studies with multiple chest leads, going entirely around the 
chest in a number of cases, both with normal and with injured liearts, and these 
seem to indicate tliat there is a great deal yet to be said concerning variations 
in the electrocardiogram due to changes in the size and position of the heart. We 
can definitely say, how'ever, that the marked S-T deviation seems to be related to an 
acute or subacute change, particularly Avhen these deviations tend to decrease or to 
disappear. 

We have also seen a number of cases with myocardial infarctions, especially 
those with multiple infarctions, in winch w-e could not without earlier curves or an 
autopsy make a definite diagnosis as to the type of infarction. In our series Ave had 
73 cases of posterior infarct tj-pe and 119 cases of anterior infarct tj'pe, which 
w'ould seem to indicate a more frequent immlvement of the left coronary artery, 
but in some of our autopsicd cases the right coronary artery was also involved al- 
though only anterior infarction was present. Experiments have shown that con- 
striction of the left anterior descending coronary artery produces a relatively greater 
decrease in total coronary outfloAv than constriction of the right coronary artery. 
Therefore, it seems probable that the area of myocardium supplied by the right 
coronary artery has in most individuals a better collateral circulation than that 
supplied by the left coronary artery'. 

Discussion of the paper, ‘ 'Extracardiac Determinants of the Site and Radiation 
of Pain in Angina Pectoris With Special Reference to Shoulder Pain,” by 
Dr. Boas and Dr. Levy. 

Einamiel Lihman, New York, N. Y. — There is a great deal that might be 
said in connection with this careful and scholarly paper of Dr. Boas and Dr. Levy. 

In the first place it is very interesting that they have showm statistically that in 
the cases of shoulder pain complicating cardiac pain due to coronary artery disease, 
the pain is mostly on the left side. I am glad that Dr, Boas referred to the excep- 
tions. 

Hoav are these shoulder pains brought about? My OAvn idea, for a number of 
years, has been that there is a metabolic disorder underlying coronary artery dis- 
ease and coronary thrombosis and that the same (or a similar) disorder plays an 
important role in the pathogenesis of many cases of bursitis, spondylitis, gallbladder 
disease, eczema,, etc. Patients wlio suller from coronary artery disease, not infre- 
quently have previously suffered from a shoulder disturbance, usuallj' Avith limitation 
of motion. A coronary attack may intensify the condition. In other cases, the 
shoulder disorder c.xists in a mild or latent form, and then real suffering is brought 
about by irradiation (or sensitization) as Dr. Boas has pointed out, when the patient 
deA'elops the cardiac pain. It is of interest, in this comiection, to note that the 
same sequence of events is occasionally encountered in cases of gallbladder disease, 
the shoulder difficulty then being on the right side. 

What I haA-e said sounds strange, but, if one thinlis a bit about it, the impression 
is a. different one. If anybody asks you what is the cause of general arteriosclerosis 
(atherosclerosis) you will say, if you follow the usual teachings, tension and a 
metabolic disturbance. The same must hold true for the arteries of the heart. 

A patient suffering from the shoulder difficulty Avhich Dr. Boas has so fully 
discussed, may, if he is liyposensitiA’e to pain, suffer from Aveakness, with or with- 
out paresthesias, instead of pain. It is important to knoAA' that the therapeutic 
maneuver Avhich I employ does not act by decreasing the sensitivity of the nerves. 
This is demonstrated by the experience that Avhen numbness or Aveakness is the 
outstanding symptom of the disorder and not pain, and the method is effectiA’e, the 
Avholc extremity becomes stronger and any nambness diminishes or disappears. 
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Dlsawsion of the p.tpcr, '•Sjrjihilltlc Aortic Insnftlcicncy," by Dr- Dlackfortl asset 

Dr. Smith. 

Dr, Paul D. IVhitf, Ttoston, Mio-'*, — For of o** in tbo Xortl'. w'-.o Imvv' hfid 

nuieli lc5S oxpprionro than Dr. Ulrii'kford in tho dinmio-is pro;;:f!o,4-* of onrdis- 
v.-ismilnr st-piiilis Iii.s fimin's tuny n litflo hard to Ic.-limo, Imt I Imvi' ridtp-l 

Itin clinic in .^fliinfri and can vouch for at Icrmt M'-mc (if thc.'o car-**. In-ddcntsdly, 
for tlic fir.**! time I licnrd there a considonib’e numlKT of An.-tin Flint inurnnsr? 
in a pin^jle day. 

Dr. Uarohl S. prU, Cleveland, Oido. — (X-ca'-ionnlly one jinds patienfr with evi- 
dence of sj-philitie aortic inf-utriciency clinically, and the ptot-mnrfciu ('Muainatlon re- 
veals cj'-stic medial degeneration witJi dilatation of the aortic rinc, Tl-.i** patholoRWal 
condition was descrilied by Krdhciin and by Moril?. "Within the past ventj two 
such patients were observed at the Lakeside Hospital — one patient imd latent syphilis 
and the other patient was noxisypliilitic. Doth were young' individuals. One cfsnnot 
say that every patient with free aortic insnfiiciency and a positive WaFfcriannn 
has sj-philitic aortic insufiiciency without bearing this interesting pathological 
condition in mind. The possibility of its presence should {>e c,-'p>-viallv stre#*cd in 
patients witliout other evidence of .syphilis. 
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Dr. Blach ford. — Tliese patients all had sypliilis and all free regurgitation at the 
aortic valve. So far as possible^ we fluoroscoped them to exclude calcification of 
this valve. We believe the error of diagnosis is very low. 

Personally, we have only made the diagnosis of dissecting aneurysm of the aorta 
once (an account of the case will appear in the Journal of the American Medical 
Association') , but other physicians at the Gradj' Hospital have done so four or five 
times. We are sure that, in spite of the to-and-fro murmur which may be heard in 
such cases, we have not counted any such as sjT>hilitic aortic insufficiency. 

Discussioh of the paper, “Organic and Eelative Insufficiency of the Pulmonary 

Valve,” by Dr. McGuire and Dr. McNamara. 

Dr. William J. Kerr, San Francisco, Calif. — Dr. McGuire has presented a very 
interesting subject and has done it very well. I should like to make a brief remark 
concerning the murmurs and organic irulmonary insufficiency. 

In a limited experience with this type of clinical condition, we have observed a 
diastolic murmur which Dr. McGuire mentions and have found that it passes down 
along the sternum more definitely than it does toward the left axilla. Often it is 
heard best at the xiphoid process, or near there. In addition to the rumbling 
diastolic murmur, there may be a presystolic murmur which is very much like the 
Austin Flint murmur heard in aortic insufficiency and also in relative pulmonary 
insufficiency; with the Graham Steele murmur there ma}’- be a murmur of verj^ 
low intensity heard near the lower end of the sternum, which is also presystolic in 
time and similar to the Austin Flint. I tlunlv that we should keep these murmurs 
in mind and examine patients for them and tiy to differentiate them from the 
murmurs of aortic insufficiency. 

Dr. Maude E. Ahhott, Montreal, Canada. — I am afraid I have not a great deal 
to add to this subject, for the reason that this is a relatively little explored field of 
congenital heart disease, at least from the statistical standpoint. We are only begin- 
ning now to assemble data upon it. 

I was very much interested to see last autumn in Dr. Kerr ’s own service at the 
University of California Hospital a remarkable case of aneurysmal dilatation of the 
pulmonary artery with insufficiency and some stenosis of the pulmonary valve. The 
etiology of the tremendous dilatation of the pulmonary tract was not clear. 

I think the general impression about tliis tj^pe of lesion in this situation is that 
there is usually some localizing factor that leads to the incidence of an infective 
process on the pulmonary cusps, or to the occurrence of a relative or organic 
pulmonary insufficiency. I noticed in the picture of the post-mortem appearances 
of the second case what looked very like four pulmonary cusps, and I wonder if 
that might be the underlying factor here in the development of the pulmonary 
regurgitation. 

The subject of pulmonary atherosclerosis is one that is becoming more and more 
interesting from the standpoints of congenital as well as acquired conditions, and 
there is still much to be learned in this field. The contribution made by Dr. 
Eoessler to its x-ray study is very important. It is interesting that the second case 
was, I believe, diagnosed radiologically by him. 

I thinlv that is all I have to add, Dr. Kerr. It was very kind of you to give me 
this opportunity of meeting this assembly on a congenital cardiac topic. 

Dr. Emanuel Lihman, New York, N. Y.— This very interesting demonstration has 
a number of points of importance. In connection with one of the reported cases, 
I would like to refer to the case de.scribed many years ago by Dr. Edward G. 
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Janeway. It was a case in wiiieli he harl clinically din^no'-ed i^onof.orrfil infeefion 
of fhe puliiionarj" valve. The jiulieril lecovered from the infection hut v»iif< left 

witJi pulmonary rcgnr/^itatioii. l^crry' hns reported a .“imilnr oh.'''“rvrition (Ifl.iO- 

19.33). 

I would like, for a few minute.^, to take up the .«<tihjectH of rheumatic lesions of 
tlic pulmonary valve, and the Gnilrnm Hicele murmur, Tlr. JfoOuire has mentioned 
the work of Ep.stein and Kiifrel and that of Dr. Louis Gross, They rhowed that 
rheumatic involvement of the jailmonary valve was not e.s nneommon as wn* generally 
believed, the lesion being tnxicli more marked in the riiig than in the valve fl,np^. 
The two ea.“es repiorted Iw Dr. McGuire are most niiusual lK.'c;iii.“e there is present 
a real rlieuniafie v.'ilviilar le.sion. 

One mu-st be very eautioms in predicating the presenci- of Ji Grjiham .Steep* munnrir, 
I can ernpliasize that Ity telling you of a eft-e v.liich I once presented to Dr, 
Osier, and concerning which lie .••aid, “Thi.s patient has a Graham .Steele murmur, 
and this i.s the tir.st one I am at all .sure of.’* 'I'he post-rnorfern examination re- 
vealed an nortic insufiiciency. When one tind.s this diristolie Tuiirmur which is 

con.sidercd to lie evidence of relative pulmonary iusufficiency, it is important to 

e.varaine the valve carefully for predi.sposing condifton.s such ,as thickening or n 
eongenital anom.aly of the valve cu.sp.s. 

Dr, L. Minor JUfichford, Atlanta, Ga. — Some twenty-five yerirs ago, .someone an- 
nounced that dilatation of the pulmonie conus or trunk wa* a sure .sign of a pmfent 
ductus. Tins statojnent ha.s been copied blindly in many textbook.?. 

Actually, alrno.st all of the few proved case.s of patent ductus with dilatation of 
the pulmonic artery liavc had other anornalie.s to e.vplain the dilatation. In most 
case.s of dilatation of the pulmonic arfcrv-, n.s in the wiven Dr. McGuire has ju.«f 
reported, tlie ductu.® i.s normally ohlileraled. 

Dr. McGuire . — I .should like to thank Dr. Kerr for e.vplaining the pseudo "Atj.stin 
Flint” murmur we heard in Case 9. 

With regard to the qne.stion of congenital le,“ion of fhe pulmonarj’ valve that 
Dr. Abbott has .spoken of in the .second ease, it i.s onr belief llmt (he re.moval of 
part of a cu.sp for .sertion produced an artefact which .“imulate.s an c.xtra leaflet. 
There wa.« nothing to .sugge.“t congenital malformation in (he original specimen, 

DiEcu.ssion of the paper, “The Hl.stopathologlcaI Ba-sh; of Bundle-Branch Block,” 

Dr, Yater. 

tt 

Dr. houi.H A. Kaj/j), Now York, N. Y. — T note (Iie.t one of the case.s presented by 
Dr. Yater showed tran.sient asy.sfole with Adams-Stokes al tacks. I have al .“0 ob- 
served at the Bronx Ilo.spital scvcnil .such ca.se.s in which no A-V heart block wjis 
found. 

I wonder wliether the mechanism of prfsluctiot! of these attaclus cannot Ijo ex- 
plained by fhe observation made by Dr. Yater that in practically all cti.ses of 
bundle-branch block both branche.® slio;’.' di.®fincl pathological changes, one branch 
being usually more aiTccted than the other. When, for some reason, in the les.® 
altected branch a severe obstruction in the conduction suddenly develop.®, the block 
become.® complete, with po.‘.sible Adam.s-Stokes .sj-ndrome. 

I think that thi.s cause of Adams-Sfoko.s di.‘*ease should alwavs be considered in 
the absence of auriculoventricular conduction defect. 

Dr. Paul D. White, Bo.ston, Mas,®. — I would like to congratulate Dr. Yater on a 
’.ery importjint and difficult job. He has made n distinct advance in our knowl- 
edge of bundle-branch lesion.® and bundle-branch block, even though the Ia.=t word 
niay not j-et have been said. 
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Discussion of the paper, “Familial Cardiovascular Disease,” hy Dr. Olson. 

Dr. May G. Wilson, New York, N. Y. — think perhaps it might be of interest 
to report that in a recent study of rheumatic families, we found on genetic analysis 
of the data tliat the susceptibility to rheumatic fever was transmitted as a single 
autosomal recessive gene. Tlie very interesting report of Dr. Olson is of extreme 
importance. 

Dr. Olson. — One thing that I plan to do is to report on tliis family at ten-year 
intervals. , It appears from a study of the first four generations, at least, that the 
age of onset of the angina is decreasing. I do not at the present time have in this 
family any record of angina occurring in the third decade, that is between twenty 
and thirty years. I mentioned the situation in the third generation, most of whom 
are now living and three definitely had onset in the early thirties. 

With respect to the occurrence of rheumatic disease in families, I learned with a 
great deal of surprise that in Chicago there exists the impression that rheumatic 
fever does not occur in families. I have had in my practice forty-seven instances 
of rheumatic disease occurring in the families of mothers who had it. 

Discussion of the paper, “The Symhallophone: A Modified Stethoscope for the 

Lateralization and Comparison of Soimds,” hy Dr. Kerr. 

Dr. Eotoard B. Sprague, Boston, Mass. — ^We had the privilege at the Massachusetts 
General Hospital of having a demonstration of this instrument by Dr. Kerr some 
weeks ago, and we were very much impressed with its possibilities. There is one 
detail that Dr. Kerr might like to mention, and that is, if you have any difficulty 
in being convinced of what the instimment will do, you must first demonstj-ate that 
your hearing is equal on the two sides. Manj* of us do not realize until we attempt 
to use an instrument of this sort that the auditory acuity is diiferent on the two 
.sides. . I made the unhappy discovery that my hearing was not the same on the two 
sides, and therefore I had a little difficulty at first in discovering the potentialities 
of the instrument. 

Dr. Julien E. Benjamin, Cincinnati, Ohio. — I may be a little stupid, Dr. Kerr, 
but I do not quite understand why one could not simply attach one end ■ of the 
stethoscope to one ear and the other to the other ear. Will you explain again why 
both must be attached to each ear? 

Dr. Paul D. White, Boston, Mass. — I should like to ask Dr. Kerr when this new 
instrument wall be available for our general use. 

, Dr. Kerr. — ^Dr. Sprague brought up a point which, of course, is important. 
If -one hears with only one ear, then he might just as well have an ordinary, old- 
style, monaural stethoscope such as Laennec introduced, and under those circum- 
stances the sound -which one hears appears to be directly in the ear. 

The binaural stethoscope throws the sound out in space some distance in front 
of us, and one does not have a loud noi.se directly in the ear. If the ears are 
unequal, it would probably throw the sound to one side or the other with this tv-pe 
of stethoscope. It would seem to come from one side or the other, but it would not 
be any more of a handicap than we have with the ordinary stethoscope. 

The question was asked about the direct tubes. If one listens to sounds with 
direct tubes to the two ears, the sound seems to arise directly in the two ears, and 
ordinarily it is very annoying. If the soimd is of any intensitj-, it is confusing. 
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and we have found it difficult to determino small differences with it. "We are giving 
demonstrations at the .scientific exhibits and will be pleased to demonstrate this 
and other points to Dr. Benjamin and others who wi.sh to attend. 

I should like to pass around two little membranes or di.sks w'hich we obtained 
with tAvo different endpieces for stethoseope.s. If you are making up one of these 
instruments, Avhich you may do rather simply, be sure that the vibration rates 
of these di.sks are identical or that thej' are very close to each other. I am 
going to pass these around and if you listen with the two, the sounds would be dis- 
similar. 

The instrument is not j’et being made and will not be made until avc are very 
certain on all the psychological points. We have most of these cleared up now, but 
we do not want to put anything out until rve know it is reliable, and then we will 
insist that it be put out at a r-ery low cost. It should not be much more oxpon.siA'e 
tlmn the ordinary binaural stethoscope. 

Discussion of the paper, ‘‘The Electrocardiographic Changes in Acute Peri- 
carditis,” by Dr, Vander Veer and Dr. Norris. 

IJr. Charles C. Wolferth, Philadelphia, 3*a. — Dr. Vander Veer’s finding of a 
correlation between his electrocardiographic changes and myocardial injury is very 
important. That is not the point, hoAvever, tliat 1 wish to discuss. 

There are at least two clinical conditions in which chest leads should be made 
in the anteroposterior position as Avell as Avith one electrode on the apex and the 
other electrode on the left leg. Acute pericarditis is one of them. The other is in- 
farction that extends around cither from the anterior to the jiosterior surface of 
the heart, or vice versa. 

The reason, I think, the chest lead .selected Ija* Dr. Vander Veer and his colleagues 
for this study failed to be of much A'alue is that in pericarditis, as a rule, both 
the anterior and posterior surfaces of the heart are inA-olved. In that particular 
type of lead, under these conditions, the deviations of the ILST segment caused 
bj' anterior and po.sterior injury tend to neutralize each other. If, hoAA’ever, an 
anteroposterior chest lead is made, the summation of liST segment deviations tends 
to occur .so that one obtains dcA-iations which arc frequently much greater than tho.se 
recorded in limb leads. 

Dr. Hoy W, Hcoit, Cleveland, Ohio. — It is now ten years since Dr. Foil, Dr. 
Katz and I first ob.served that changes in the ventricular complexes similar to 
those found in myocardial infarction occurred in patients %A-ith pericardial 
effu,«ion. Both clinical and experimental evidence indicated that the hydrostatic 
pres.sure in the pericardial sac was an important factor in di.stor(ing the curve.s. 
Wliile it .seems likely that in certain cases of pj'opericardium the associated in- 
flammatory changes in the myocardium may affect the electrocardiogram, I do 
not believe that in the light of past observations one is justified in concluding 
that pericardial effusion per se may not cause cliaracteristic changes in the ven- 
tricular complex of the electrocardiogram. 

Dr. 7 ander Veer. I appreciate Dr. Wolferth di.‘^;ussion because he is an 
authority on the che.st lead. There is no que.siion but that f^cad V gives a summa- 
tion effect, as doe.s I..ead II, aa-IiicIi tends to diminish the changes which one may 
obtain in the chest lead in this type of ca.«e. HoAA'ever, from the practical stand- 
point, one cannot take three or four che.st leads, and it may be, as I think Dr. 
Wolferth does, a better plan to take Lead IV than Lead V as Ave have done. We 
have taken I.z;ad V becjiuse it is handier. The patient lies in bed and doe.s not have 
to roll OA'er or move. 
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PundameiitallY, however, we can dilfei’entiate these cases from myocardial 
infarction without the Leads IV, Y and VI because thej" do not have the patterns 
that one would expect with a large infarction wliich involves both anterior and 
posterior surfaces. So, from the clinical standpoint, if one is aware of the typical 
pattern, one can diagnose it from the electrocardiogram with tlie other findings. 

■ Dr. Scott has mentioned their findings of many years ago, and it is certain that 
the subject is not completely settled. However, I believe that a great deal of 
evidence points to the association of the electrocardiographic changes with 
myocarditis. One mar- see a patient with extreme cardiac tamponade” from hemo- 
pericardiuin. Tlie heart cannot be heard, and there is no pulse, but there is a 
normal electrocardiograjn. Certainly', if a tamponade was going to produce an in- 
sufiiciency of coronary flow, it would produce it in those cases. The same patient 
may be oi^erated upon, and the pericarditis pattern may* follow in two or three 
day's. Vliile I agree that the subject is not settled, I believe that in most cases 
the changes in the electrocardiogram are due to my'ocarditis. 

Discussion of the paper, "The Diagnosis and Treatment of Chronic Constrictive 

Pericarditis — Orrin W. Pineo, ’ ’ by Dr. White. 

Introdnction by Dr. P. D. White 

Jlr. O. W. Pineo, a phy'sieist, now twenty-nine years old, has been so kind as to 
come here today' to tell y'ou briefly' of his personal experience with constrictive 
pericarditis and its treatment. He is, to be sure, an outstanding example of the 
curability- of the disease, but as such is far more important for you to see than one 
of our failures. We have been unusually fortunate in having the majority' of the 
. cases of our series resemble him in most respects. His own story he will give you. 
I shall simply, read to you, in closing my' introduction of Mr. Pineo, the operative 
notes written by' my surgical colleague Dr. E. D. Churchill early last fall. 

“A. tliick calloused pericardium almost completely adherent to the heart was found 
at operation. A good line of cleavage was established and ventricles and right 
auricle were decorticated anteriorly' with the freeing of the heart from the 
diaphragm. Fluid was aspirated from both pleurae. The operation lasted two hours 
and fifty, minutes. He left the operating room in good condition. 

"Pathological examination of the excised pericardium showed chronic inflamma- 
tion without evidence of active tuberculosis or rheumatism. There was no calcifica- 
tion. ■ ’ 

Discussion of the paper, "Acute and Chronic Compression of the Heart," by Dr. 

Beck. 

Professor Jacobaeus, Stocldiolm, Sweden. — Mr. Chairman, Ladies and Gentlemen, 
I first bring you my' warmest thanks for introducing me to this meeting. I have 
heard Dr; Beck's paper with the greatest interest. The condition and the opera- 
tion, are of great interest to us in Sweden, and while we have performed this 
operation, we have not seen so many' cases as you have. I shall take home to our 
surgeons • encouragement to continue this work and to continue their interest in 
internal medicine. Thanic y'ou very' much. 

Dr. C. Sidney Burwell, Boston, Mass.— The first of Dr. Beck's observations which 
I wish to emphasize is that pericardial obstruction is not a particularly rare condi- 
tion. Moreover,, it is a condition which it is of the greatest importance for physi- 
, cians to recognize, since, as Dr. White and his colleague-patient pointed out, it is 
in many instances amenable to skillful treatment. The logical process which 
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Dr. Beck recoiniiieiidK, of recoutiizinf,' n plivvioloKW'iil atoi jirwcffliiij: 

from timt recognition to n ponj-idernfion of a difcaM’ pro'-o?-"', is, 1 slionld fay, one 
%s-lucli if< utilized in- most of the ])eopIe who have vvi<le experieneo with this 
diseuKO. 

Now I should like to tisk Dr. Beck his opinion ahouf ojo; point v.hidi is not nl- 
wave made clear in descriptions of a disease or d(‘‘cri[)tions of operative treatment. 
This question is concerned with the plttcc iti the circulation at whicli the ohstnidion 
occurs. ^Yhen the pericardium i.s fdled with Iluid, it is oljvioit.s that the compression 
of the hearl is exerted ftenenilly. It must involve flu* vent rich*.®, the auricles, and 
the intrapericardial portions of the ve,“.“el.i. One ."ouietimc.s tp.’t.s the impre.-sion 
from reading the older literature that the ohsiruetion from .scar often cotiies alrout 
through constriction of one of the veiiti envae. If con.striction ot the vcnou.“ chaniiclH 
were important, one would e.vpecf to find occasiomilly ti difference in the pre.^surf: 
in the inferior vena cavnl tis comjtared with the stijarrior ctival .‘•ysfcm. In a con- 
sidcrtihlc number of wises in which cotnparahle mwi.sureinents have le-en aiade, we 
have not .seen a case in which such ii dilTerencc existed except when .‘■ome ohvioas 
local cau.^c for it was prc-sent. 

If I understand Dr. Beck's descri[»tion, it implies that he con.siiier.*; the ira- 
porlant point of ohstniction to he in the pericardial scar involving the, ventricles 
themselves. This agrees with tlie genenil concept that the difficulty in eon.“trictive 
pericarditis is the inahility of fiic ventricle to dilate adequately. If this theoretical 
concept is true, it should he demon.strahle hy a .‘•imple e.xperimenf. If the heart 
ciinnot dilate and its output per heat is fixed at a low level, then the only way the 
cardiac outjiut jier minute ean inerea.'^e !.« hy tiie aiweleration of the pulse rate. This 
being so, if the pulse nife ho accelerated, for examjdc, hy atropine, one might expect 
the venous pressure to ho reduced. This i.« in fact tie* case, AVIicn hy the ti.«c of 
atropine the heart nite of a ptifient with con.^tririive j>eri<-arditis was elevated 
from SO per minute to ]‘20 {»er minute, the venous jiressure fell to a significant 
degree. This I think hears out tiio theoretical concejits which have Iks.’!! so ahly 
pre.scnted lierc. 

Dr. Beck . — I have nothing further to .«ay. I fully agree with Dr. Bunvell ’s 
point of view as to the conunon source of the compression. It u.suallv i.s over the 
entire heart, in my experience at least, and I think it i.s important for the .‘■urgeon 
to determine where the compressing agent is performing most of its comprp.<.sion. 
It usually is, but it may not always he, generalized over the ventricle.s. AVe have 
produced experiraent.s in which the chief compre.“sion was over the right auricle. 
It is necessary for the surgeon to know exactly where the cornpre.ssion agent is 
functioning mo.st, because in certain cases the .surgical course is to the riglit of the 
sternum and not to the left, and, if you go in to the left of the ,«lernum and find 
the right auricle compressed hy a thick scar which has to he taken nwnv to get 
exposure, j'ou have to use a bilateral approach, including an approach on the 
right side of the stermim, whicli add.s to the magnitude of the operation. I Iiavc 
done a few operations from the right .«idc hccaui^e wo wanted to have a goml exposure 
of tlie right auricle and right ventricle. 


Discussion of the paper, “Fainting Attacks Ecsulting From Hypersensitive Carotid 
Sinus Eeflexes,” hy Dr. Smith. 


Dr. wmiam .7. Kerr, San Francisco, Calif.-We l.ad one of the most striking 
exatnp cs of tins sensitive reflex in San Francisco not long ago. Dr. .Tolin Mos.-ier 
was giving a dinner lecture on coronary occlusion, and one of our older, more obese 
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.d'ciitors wlio liad not worn Ms dinner jacket for perhaps two or three years, came 
to this dinner and his collar was much too tight. He had a most remarkable attack 
-which, suggested an Adams-Stokes syndrome. 

Dr. Soma Weiss, Boston, Mass. — ^Probably the most important and interesting part 
of the problem is presented by the group that we have studied in recent j'ears, 
one that we named the "cerebral type." In this group, one iinds syncope and 
convulsions, in spite of the fact that there is no cardiac slowing and no fall in 
the blood pressure. This group was described clinically by the English neurologist, 
Gowers, who considered these problems as being borderline between epilepsy and 
syncope. In this group, apparently the hj'peractive carotid sinus reflex impulses 
produced inhibitions in certain vegetative centers. At least, that is the only con- 
clusion that we can draw because the systemic blood flow, as well as the blood flow 
through the brain, remains normal. 

To us, in addition to the practical points brought out by Dr. Smith, the most 
important aspect of the problem was that here is given an opportunity to studj' 
unconsciousness under controlled conditions. We have made various assumptions, 
in the past, as to the cause of unconsciousness and convulsions in human beings; 
but from the observations that we have made as to the physiologj^ of uncon- 
sciousness, we can conclude that in man unconsciousness is caused bj*- a number 
of different meehanism.s, and among these mechanisms cerebral anoxia is only one. 
Nervous impulses and other factors play an equally important and probably a more 
important role. 

Dr. John P. Anderson, Cleveland, Ohio. — I have observed unconscious attacks to 
follow carotid sinus pressure in some patients but in otliers have noticed no re- 
sponse. 

In some instances the attacks followed pressure on the eyeball and in some 
patients, merely holding their breath would induce an attack. Some of them 
had their attacks at night when thej” would empty their bladders. 

I should like to ask Dr. Smith if he thinlcs there is anything specific about the 
carotid sinus pressure. 

Dr. Harry L. Smith, Rochester, Jlinn. — ^I am unable to answer this question 
positively, but in my experience there was not a constant correlation between the 
changes in respiration and heart rate and the syncopal attacks. Quite often, 
in the induced attacks, we did get rather striking changes in respiration. The most 
important changes noted were deep and labored respirations. These usually came 
on early, but in the induced attacks the patient might not lose consciousness, and 
there might be very few or no changes in the cardiac rate. In other words, there 
was no constant and definite correlation between the changes in respiration and 
heart rate and the syncopal attacks. 

In answer to the second question — ^I have not induced attacks by making pressure 
over the eyeball. I would advise strongly against this practice as I do not think 
it is wise to make firm or continued pressure over the eyeball to induce attacks. 
The eye is a very delicate organ, and definite damage to the eyeball might re.sult- 
from the procedure. 

Discussion of the paper, "The Use of Quinidine Sulphate Intravenously in 

Ventricular Tachycardia,” by Dr. Hepburn and Dr. Rykert. 

Dr. Paul. D. White, Boston, Mass. — Tliis is a method of treatment that has cer- 
tainly not, been used much. We should all. have it in mind when we encounter 
similar cases, for occasionally it may be life-saving. 
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Discussion of the paper, “The Precipitating Causes of Congestive Heart Failure,*' 
hy Dr. Sodeman and Dr. Burch. 

nr. C. Suhun Ihmcdl, Boston, Mftfiy.—J di'xiUI 1i(:c In driiw Orif inor/* mor.-il front 
this intere.sting pajxtr of Dr. .Soderntm iiTid Dr. Jiiin-h. Tlii.s nsortil concerns tlio rel-t- 
tion of Uio procipifiiting of lu-art failtire to the Tnrmagern<;n(. of patients 

with asvmptoinatic heart disens-e. Tin; events vvhieli iiave, jn the patients de-orihed 
bj' tlie.“0 authors, precipitated the on.*-et of ^ymptowH of heart. disea.<-e h.ave In 

general events whic-h increased the, work of the heart. ^Vilat is much more inijtortant, 
they liavc been, on the whole, event.s which are under .a eon.siderable de;rrw; of eon- 
trol on the part of the patient and his physician. The object of the treatment of 
heart disea.se in the prolongation of efTectivc life, TJii.*; lieing so, the nde/jij.at.; 
understanding and control by tlie physician of the.'-e precijdt.ating c.ausc., ji- one of 
tlie mo.st; important things that can Ik; carried out in dealing witij the grv'at group of 
people wlio lia\’c heart disease, hut who liave not yet develtiped heart failure. Jn 
these people, the problem is not that of the treatment of heart faihue or cardiac 
pain, but the po.'-tponement of the on.H-t of heart failure. This postjKmeinent 5.« 
influenced more by the control of precipitating cause.*; than by ar.y other single factor 
except the advance of tlie underlying cau.*-ative di.;=ea.M-. 

Dr. Louis F. Bishop, Jr,, Xew York, X. Y. — T .thouM like to a.4: wliat type of 
exercise was noted among the precipitating causes. 

Dr. BoJemm. — Excrci.se in the.^o patients varied, of course, and was u.^naliy the 
patient ’.s work or some unu.sunl activity which wa;; carric"! out by the patient. 
I wish to thank Dr. BurweU for his comments. 

Discussion of the paper, "A Clinical Sttidy of a Preparation of Squill (Drginln) 
in the Treatment of Myocardial Insufliclcncy,’ ’ Dr. Chamberlain and Dr. Levy. 

Dr. William D, Htrouil, Philadelphia, Pa. — For the pa.‘t year the concern inanu* 
facturing urginin has asked us at the Pcnn.sylvania Hospital to trv- this drug in 
the heart clinic, and our reply ha.s tilway.s lj<!cn that .since Dr, AMtite and Dr. Marvin 
.studied tho.se other preparations similar to digitalis and liad come to the conclu.'^ioD 
that there wa.s nothing they could do that digitalis could not do, Shat v.ilk the law 
and should stand. 

But finally, having .studied these digitalis preparations for the last six year.*, 
we felt we had u series of ca.**;.'; which warranted comparison, .“o Dr. Vander Ye.?r 
and Dr. Dominick for the last few montlns Jiave been f ran.“ff‘rring a number of thm; 
patients who have been taking various digitali.« jireparation.s for the last six years to 
urginin. I hesitate to di.scus.s Dr. Chamberlain's and Dr. J^'vyV paper, .since wc 
have not come to definite conclusions wliicli we can prove .statisfic.aily, so thi.s dis- 
cussion must be taken wdtli reservations. 

I am just a little fearful that you may all go away from thi.s meeting, after 
the summary which Dr, Chamberlain read, and shift your patients, now taking 
digitalis, to urginin. 1 urge you not to do this too precipitously s-ince our impres.sion 
is tliat tills drug is not as universally potent in its action on patients with auricular 
fibrillation, whom we have liecn following for the.se past few vears wliile taking 
various digitalis preparations. 

I should like to ask Dr. Chamberlain if he fecl.s there arc inanv patients who 
cannot maintain their maximum circulatory efiicienev on digiUilis without 
developing toxic .symptoms. In a group of such patients who cannot maintain 
circulator}- efficiency without giving .sufficient digitalm to give toxic symptom.*, are 
there many who, tran.sferred to an equivalent -amount of urginin, will not develop 
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toxic symptoms? In other words, are there many patients with cardiovascular 
disease and. borderline failure, who can take urginin without toxic symptoms, but 
will develop toxic symptoms when given an equivalent amount of digitalis. 

Dr. James G. Carr, Evanston, El . — 'We worked with this preparation at the County 
Hospital and at the Evanston Hospital over a period of some four or live years 
before we offered anything for publication. Our detailed work is not so good as 
the work that has been presented here this afternoon, but we were convinced as a 
residt of our work that a certain number of individuals who take digitalis with 
difficulty can be well controlled with the use of urginin. 

Tliree cases which I followed over a period of some years come to my mind now. 
All of these patients were unable for one reason or another to take digitalis. 
Whether it was because they thought they could not take digitalis I am unable to 
say, but I do know that the cases had been given up by the physicians in charge 
and we were allowed to try the scillonin, under wliich name the drug was known 
at tlie time. Of these three patients, two are still limng after seven and six years, 
respectively, following the first dose of the urginin preparation. We do not believe 
that the drug differs in anj' particular way from digitalis. It is of no greater 
value to the patient than is digitalis if the patient can take digitalis with com- 
fort. 

We found we could give to patients who had not taken any digitalis preparation 
witliin the last two weeks, from 8 to 12 mg. within four days without producing 
intoxication. The daily maintenance dose is 0.5 mg. or less. In one respect our 
results differed from those reported by Hr. Chamberlain and Hr. Levy. Our ex- 
perience led us to believe that ectopic beats are usually the first sign of intoxica- 
tion. We felt after we had worked with the drug for some time that patients who 
began to complain of nausea should have the drug unthdrawn promptly as such 
patients were likely to develop rather pronounced signs of intoxication if the drug 
was continued. 

On the basis of a considerable experience, 101 courses in 85 patients if I remem- 
ber correctly, I believe that this drug is of value, not because it is better than 
digitalis, but because a certain number of people find it difficult to take enough 
digitalis to restore compensation. 

Dr. Soma Weiss, Boston, Mass. — ^I would like to recall that, in spite of the fact 
that a number of digitalis preparations have been introduced in therapy during 
the last twenty years, so far it has not been proved that any of these preparations 
is, from a clinical point of view, superior to digitalis leaf itself. 

If we remember that all digitalis bodies are quantitatively sjmergistic with 
each other, and if we further remember that the therapeutic effect depends on 
cardiac toxicity (cat unit), on the one hand, and on the persistence of action 
. (rate of elimination) of these digitalis preparations on the other hand, plus the 
degree and t}q)e of failure of the cii'culation, then it will become clear that the 
variation in the clinical response to digitalis preparations depends more on these 
factors than on the specific pharmacological cliaractenstics of the preparation itself. 

In other words, tliis very interesting and valuable contribution has shown that 
urginin acts like digitalis. It did not show, and as I understand it is not claimed, 
that it is a better agent than digitalis. Mdiether in the few instances where no unto- 
ward manifestations occurred this was due to the fact that urginin, in contrast to 
digitalis, does not cause or induces less nausea or vomiting, or whether as a result 
of the difference in the persistence of action of the two drugs, relati-vely smaller 
doses of urginin were given, in spite of the fact that the doses ex'pressed in cat units 
wee similar, it is difficult to say. 
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So niy coiiclupion is (hut as loag ns it is not dofinitoly ostablislasl that a propartj' 
tion is better than digitalis, and as long ns we know a great deal ttbont <IigitaIiF 
purpurea, it is wiser to slick to lliat simple preparation rather than to use a drug 
which is more expensive and less well understood. 

Dt. ChamherUiin . — It is diflicult to eoinparc the uetion of two drags in a condi- 
tion Ro variable in its course as congestive heart failure. Our observations indicate 
that nrginin bIiows no superiority over digitalis with respect to its; aetion in cardiac 
insufficiency. Tlio place to use nrginin, at least for the present, is in those patients 
wlio, because of idiosyncrasy or prejudice, are tumble to fake digitalis without 
discomfort. Tiiere were snaie ten [mtients in otir series who supposedly had an 
idiosyncrasy to digitali.s and by wliom nrginin was well taken. Etiter, on administer- 
ing digitalis, either hy injection or in a form which they did not recognir^', tlieir 
idiosyncrasy was found to be imaginary. There were two jiafients, however, who 
definitely could not tolerate digitalis and rvbo were nb)(> to take nrginin without 
unpleasant effects. 
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Badnai, P., and Mosoyni, L. : Vasoconstrictor Pulmonary-Coronary Beflex. Ztsehr. 

f. d. ges. exper. Med. 98; 651, 1936. 

Injection of starch suspensions in the ear veins of the rabbit causes only pul- 
monary emboli. None appears in the heart. Yet five to six minutes after such in- 
jections the electrocardiogram shows evidence of acute coronary closure. This 
is interpreted as a reflex closure from the lungs. When the vagi are sectioned, 
these electrocardiographic findings are absent. The vagi are, the authors conclude, 
the path of the afferent pulmonarj’- fibers and efferent coronary fibers. Both 
atropine and am}'! nitrite prevent this reflex from occurring. The application of 
these results to the clinical understanding of pulmonary embolism and angina 
pectoris is emphasized. 

L. N. K 

Wahren, H.: 0, Consumption in Postoperative Shock. Ztsehr. f. Kreislaufforsch. 

29: 149, 1937. 

Oj consumption is decreased in the entire animal (cats) following shock, and 
Oj tension in a subcutaneous gas bubble decreases at the same time that CO, in- 
creases. 

L. N. e:. 

de Carrasco, O,, and Zaeper, G.: The O, Dissociation Curve of the Blood and 

Circulation. Ztsehr. f. Kreislaufforsch. 29: 157, 1937. 

The authors correlated dissociation curve of blood with 0, utilization. It is 
pointed out that the normal 0, dissociation curve is such as to make 0, exchange 
inadequate during muscular work and in abnormalities of the circulation. A 
shift of the curve to the right occurs in these conditions and permits an adequate 
O, exchange with the tissues. This is due to a change in the state of the hemo- 
globin, presumably the result of CO. excess and pH change in the blood. 

L. N. K. 

Lederer, B.: Capillary Circulation Studies. I, Fundamentals, Methods. Arch. 

f. exper. Path. u. Pharmakol. 182; 363, 1936. 

The , circulation time in 0.4 limbus capillaries averaged 1.6 to 2.4 seconds in 12 
healthy children. Headings repeated at a single sitting varied from 0.2 to 0.8 
second which represents the physiological range of changes. The repeated read- 
ings over several weeks showed no greater fluctuations than in successive readings 
at one sitting. 
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Ehrstrom, M. C.: Metabolism of Blood and Urobilinuria in InsufTiciency of the 
Heart. Acta mod. Skandinav. 88: 517, 1930. 

Ten cases of heart failure ■n-ere .studied. A reversible reticulocyto.sis during 
failure -svas found. This is associated ’vvitli an increased total urobilin production. 
The urobilinemia is paralleled by a urobilinuria. Heinoly.sia is the cau.se of this 
change in pigment metabolism in heart failure. 

L. K. K. 


Paleiro, A.: “Exercise Test” in the Electrocardiographic Diagnosis of Angina 
Pectoris. Deutsches Arch. f. klin. Alcd. 179: 238, 1930. 

In this presentation, GO patients with typical .stenocardia and 2.50 patients with a 
questionable diagnosis were studied. A test was considered po.sitivc when a de- 
pression of 1 mm. of S-T in Lead I (and II) occurred, when T became flattened 
or inverted or when S-T became abnormally elevated following exercise. Thirty- 
two per cent of the cases with definite angina showed this positive exercise test. 
None of the eases with a questionable diagnosis gave a positive exerci.se test. 

L. X. IC. 


Brandt, W., and Eeindell, H.: The Electrocardiogram of the Isolated Frog Heart 
Under Influence of Light and Heavy Water. Klin. Wchnschr. 15: 200, 1930. 

Studies show that Einger solution having less than 5 per cent of duetcrium 
oxide has no effect whereas concentration of this substance of 10 to 20 per cent 
has a measurable effect, and concentrations of 50 per cent have a marked effect on 
perfused frog hearts. This is manifest in a decreased amplitude, prolonged A-V 
conduction time, prolonged systole, and a decrease in the rate of beating. Total 
A-V block may appear. These changes can be reversed by substituting ordinarj’ 
Einger solution. Apparently, the duetcrium oxide acts to .show metabolic processes. 

L. N. K. 

Kahlstorf, A.: Heart Size In Paroxysmal Tachycardia. Ivlin. Wchnschr. 15: 1028, 
1930. 

A case of paroxysmal auricular flutter with 1 to 1 conduction and auricular rate 
of 280 was observed in the roentgenkymograph two hours after the onset of the 
paroxy.sm. Enlargement of the heart, decrease in size of the blood vessel .shadow, 
and venous stasis were found. It is interesting that the Icjmograph gave an idea of 
the mechanism in this case. The author suggests the use of the roentgenkv-mograph 
to determine the origin of paroxysmal pacemakers. 

L. N. K. 

Eihl, J., and Spiegl, E.: Concerning Interference of Two Excitation Waves in 
the Ventricle. Med. Klin. 32: 841, 1930. 

The electrocardiographic appearance of a beat resulting from fusion of the 
impulse from a late diastolic ventricular extrasystole and impulse transmitted 
through from the sinus node is described. 

L. K. K. 

Eckey, P.. Electrocardiographic Changes in So-Called Cor Nervosum. Aliinchen. 
med. Wchnschr. 83: 1051, 1930. 

The author concludes from his studies that the electrocardiogram sometimes may 
be misleading in differentiating organic heart disease from the so-called functional 
heart disorders. 


L, N. K. 
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Herzog, E., and Rodriguez, H.: Involvement of the Myocardium in Exanthemata 

(Myocarditis Exanthematica) . Beitr. z. path. Anat. u. allg. Path, 96: 431, 1936. 

In , exanthemata only enlargement of the left ventricle occurs grossly, but micro- 
scopically 97 per cent shows disseminated diffuse interstitial myocarditis with 
perivascular (capillary and precapillary) cellular invasion consisting of fibroblasts, 
plasma cells, lymphocytes, and polymorphonuclear leucoc 3 d:es. The capillar}’’ walls are 
swollen and inflamed. Leucocytes occur early in the disease and lymphocytes later. 
Myocardial degeneration is rare. Involvement of the conduction system was found 
3 times in 13 cases examined. This consisted of leucocytic infiltration and fatty de- 
generation of some fibers of the left bundle. The electrocardiographic changes re- 
semble. those seen in diplitheria. 

L. K K 

OiUe, John A.: Differential Diagnosis of Pain in the Chest, Canad. M. A. J. 37: 

209, 1937. 

The author discusses the differential diagnosis of pain in the chest as a symptom 
of cardiac disease. The observations are based on a group of 225 patients selected 
from a large group of 600 cases seen in practice. There is a full description of the 
various features of cardiac pain, especially as it relates to a diagnosis of coronary 
thrombosis. The article is unusually interesting from a clinical standpoint in inter- 
preting this important symptom. 

H. McC. 

Gouley, Benjamin A., McMillan, Thomas M., and Belief, Samuel: Idiopathic 

Myocardial Degeneration Associated With Pregnancy and Especially the 

Puerperium. Am. J. M. Sc. 194: 185, 1937. 

A clinical study was made of seven women having cardiac decompensation in the 
puerperium. Four of these patients died, and at necropsy showed a myocardial de- 
generation differing from the lesions ordinarily associated nuth the current classifica- 
tion of heart disease. 

The coronary arteries were normal and there was no evidence of coronary occlusion 
in the li'ving patients. 

Death occurred in three cases following embolism, which had its origin on the 
endocardial surface of degenerated heart muscle. No otlier proven source of embolism 
was found. 

. Pulmonary and cerebral embolism were notable. Slight patency of the foramen 
ovale, apparently due to recent pressure changes within the right auricle and allowing 
the passage of a pencil, was present in one instance. No patency was demonstrated 
in the three remaining cases. 

Author. 

Friedman, R.: Effect of Valvular Deformities on the Duration of Life. Ztschr. 

f. klin. Med. 130: 382, 1936. 

Statistical analysis is presented of rheumatic hearts in Vienna — a total of 1,164 
cases. It was found that 67,5 per cent had the first rheumatic manifestations in the 
first two decades of life. Mitral valve and combined valve involvement were 
commonest. A combination of mitral stenosis and insufficiency was the rarest of 
the mitral defects. Eighty-three and five-tenths . per cent of the patients died be- 
; cause of valve defects or their sequelae. The death rate increased until the fiftli dec- 
ade. Heart size plays an important role in prognosis. Tlie work is in accord with 
that in American literature. . , 


L. N. H. 
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Levine, Harry B., and White, Paul D,: Pulmonary Infarction Complicating 

Severe Hisease of the Mitral Valve. Arch, Tnt, Aled. 60: 39, 1937. 

We report here o eases of severe disease of the mitral valve with congestive 
failure having as a fatal complication pulmonary infarction without any clinical 
syndrome of sudden vascular collapse or any similar episode. Autopsy was per- 
formed in each case. 

Analysis of the incidence of this complication in a series of .*52 cases of mitral 
stenosis noted in 2, .500 records of autopsies at the ]Massachusetts Gencnil Hospital 
.showed that pulmonary infarction occurred in 61 per cent of 23 cases in which 
there was congestive failure and in only 7 per cent of the cases in which congestive 
failure was not present. In a eompar.ative group of 82 cases of hypertension noted 
in the records of 1,400 autopsies at the Alass.achusctts General Hospital, there were 
39 cases of congestive failure, in 21 per cent of which there was pulmonary infarction. 

Pulmonary infarction complicsiting severe di.^^ease of the mitral valve with conges- 
tive failure is not uncommon. This condition is sometimes difTicult to diagnose; it 
makes treatment of the congestion very difiicult, and it renders the prognosis 
grave. 

Author. 

Greishaher, H.: Situs Inversus of Abdominal Organs With Congenital Heart and 

Bight Sided Aortic Arch. Schweiz, ined. Wchnschr. 52: 1307, 1936. 

In spite of right-sided aortic arch and situs inversus of the abdominal organs, 
there was no dextrocardia. The heart had a .“e})tal defect. The low position of the 
left side of the diaphragm in this case desintc the lefl-.'iided po.=ition of the liver 
indicates that this is caused by the heart. The liver docs not, therefore, normally 
elevate the right diaphragm. The case had a mirror image of normal in Lead I 
in spite of the ab.sence of dextrocardia. 

L. K. K. 

Borgard, W.: Congenital Anomalies of the Aorta. Ztschr. f. Krcislaufforsch. 29: 

216, 1937. 

A case report is presented of stenosis of the aortic arch between the origins of 
the left carotid and the left subclavian arteries, with t 3 pical x-ray findings and 
an abnormal electrocardiogram with left ventricular preponderance. The diagnosis 
is made on these findings plus the clinical signs of absence of pulsations in the 
lower extremities of a relativeh' smaller pul.se in the left th.an the right radial, of the 
presence of collaterals on the right upper chest posteriorly, of a sj’stolic murmur 
over the pericardium, and of cardiac enlargement. 

L, N. K. 

Messeloff, Charles E., and Pomcrantz, Anne; A Study of Lead rv in Normal 

Children and in Amhulatory Children With Cardiac Disease. Am. ,1. Dis. Child. 

53: 1485, 1937. 

Lead rV in the electrocardiograms of children is characterized bj' a marked 
variability in the form and in the direction of its several compounds. 

Upright, diphasic, and iso-electric, as well as negative T-waves are normal findings 
in the tracings of children. 

In the present series of tracings for ambulaton,- children witli heart disease Lead 
rv supplied no information which was not secured from the three standard leads. 

This study provides no justification for the routine use of Lead TV for ambulatory 
children with heart disease. 


Author. 
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Wilson, Eoljert,- Jr.: Studies in Syphilitic Cardiovascular Disease. Am. J, M. Sc. 

194: 178, 1937. 

Two hundred and eleven cases of sypliilitic aortitis, proven at autopsy, have been 
analyzed with regard to presenting sjanptoms. In practically every case in which 
cardiac or respiratory sjTnptoms were present, they have been shown to be due to 
some factor other than uncomplicated sj’philitic aortitis — either to an extension or 
complication of the syphilitic process or to some coexisting disease. It is concluded 
that uncomplicated syphilitic aortitis is an asjanptomatic condition, and that no 
criteria dependent upon sjTnptoms are reliable in maldng an early diagnosis. 

Author. 

Cossio, P., Vivoli, D., and Caul, H.: Syphilis of the Interventricular Septum and 

Ventricular Tachycardia. Am. J. M. Sc. 194: 369, 1937. 

This report deals wdth a case of ventricular tachj'cardia caused by a syphilitic 
lesion of the interventricular septum. 

It was a tj’pieal attack of ventricular tachycardia due to infarction of the inter- 
ventricular septum. 

The lesion was of the selerogummatous type with endocoronaritis, and Treponema 
pallidum was found in it. 

This observation, as far as we know, is the first of its kind in medical literature, 
and shows that a syphilitic lesion of the septum is able to produce an attack of 
ventricular tachycardia. In a case of prolonged attack of ventricular tachycardia, 
provided that the Wassermann and Kahn tests are positive, we must not only suspect 
infarction of the septum of the ordinary tj^pe, but also one of syphilitic etiologj'. 

Author. 

Potthoff, F.: Tuberculosis and Heart Size. A Study of 600 X-rays of Men With 

Tuberculosis. Beitr. z. klin. d. Tuberk. 88: 187, 1936. 

A large number of tuberculous patients show definitely smaller hearts than 
normal. Only in severe tuberculosis does brown atrophy occur. The .small hearts 
are therefore hj'poplastic and may be associated with the patient ’s constitutional 
makeup: In the present series, 88 per cent had hearts smaller than normal (the 
normal series used being that reported by Hammer). 

L. K. K. 

Weber, H.; Early Diagnosis of Arteriosclerosis. Med. Welt. 10: 928, 1936. 

The most common site of early arteriosclerosis is in the coronary arteries. This 
may give evidence of heart failure in the form of tachycardia and shortness of 
breath. It is not easy to demonstrate this arteriosclerosis by roentgenogram. Con- 
sequently many , years may elapse before the arteriosclerosis is diagnosed clinically. 

L. K. K. 

Gefstner, H.: Action of Electrical Currents Upon the Blood Pressure. Arch. i. 

exper. Path. u. Pharmakol. 185: 184, 1937. 

Direct current and alternating current of various frequencies and strengths 
were applied to anesthetized dogs. Arterial blood pressure and pressure within 
the abdominal eavitj’, used as an index of general muscular tension, were recorded 
simultaneously. He was not able to demonstrate narrowing of the peripheral vessels 
apart from that due to tension of tetanized muscles. Gerstner found that, as 
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current was increased, first a rise in blood pressure occurred whicli appeared to 
bo simultaneous with onset of muscular contraction. Then due to marked sIov.-inK 
of the heart, ending in final stoppage in diastole, occasionally to ventricular fibrilla- 
tion, a sharp fall occurred. When stimulation with the strength of the alternating 
current constant but with gradually decreasing frequency of oscillation ivas used, 
observable effects on blood pressure or .striate muscle did not occur until the frequency 
fell to 2,000 cycles per second. Arterial pre.ssure then rose but not until oO cycles 
per second was reached did the heart stop and fall in pressure occur. 

.T. M. S. 


Neuhaus, P.: Relation of Adrenal Adenoma in Hypertension. Beitr, z. path. Anat. 
u. z. allg. Path. 97: 213, 1936. 

Seven hundred adrenals were examined. The adenomas were twice as common 
in hjqjcrtensive persons as in those with normal blood pressure. Adenoma of the 
adrenal is considered a sequel and not a cause of h}-pcrtcnsion. 

1/. Is . Tv. 

Singer, E.; New Observations on the Circulation of the Eower Extremities. I. 
Arterial Pressure in the Limh Vessels. Wien, kliii. Wchnschr. 49: 44, 1936. 

Changing from hung to sitting or standing position elevates the blood jmessure 
in the lower extremity. Tliis is attributed to a liydroslatic pressure change. Simply 
changing the position of tbe leg (or arm) leads to similar fluctuations of pre.ssure. 

L. N. IC. 

Apperly, Prank L., and Cary, M. Katharine: Arterial Hypertension. The Site 
and Significance of the High Chloride Content of the Blood. Am. J. M. Sc, 
194: 352, 1937. 

In a study to determine the site of increased blood chloride in patients with arterial 
hjqmrtension, and if possible its significance, it was found ; 

1, The increased blood chloride is wholly confined to the red cells, 

2. This increased cell chloride is not the result of acidemia, .“ince pH and 
erythrocytic volume-index showed no .rignificant deviations from the normal. 

AuxnoK. 


Zetter: The Action of Drugs Upon the Penneahility of Arteries. Arch, f. exper. 

Path. u. Pharmakol. 185: 141, 1937. 

Estimations of the permeability of cjirotid arteries of swine and a few human 
femoral arteries were made by the method of Lange. This method consists of 
placing a 0 to 10 cm. length of artery, tied at each end to a cannula and connected 
to a manometer, in a small bath (20 c.c, capacity') at body temperature. The lumen 
of the artery and the surrounding bath arc filled with solutions or suspensions 
different in nature and the passage of material in or out of the artery- observed. 
The iiitactness of the arteries, chiefly- the abseiiee of minute branehe.s, was insured 
by discarding those v/iiich were permeable to Congo red, normal arteries ha^'j^g been 
shov.n earlier by Lange to be impermeable to this dye. The influence of the addition 
of drugs either to the fluid surrounding or contained in arteries upon their 
permeability to fluorescin and naplhol yellow was then tested. Zetter found that' 
nitrites, and either purine or mercurial diuretics increase, and that ctilciurn and 
nicotine decrease permeability of the arterial w-alls. The forcefulness of the 
conclusions are, however, somewhat vitiated by- the fact that quantitative measure- 
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ments seem not to have been possible even though photometric estimations n’ere made 
of the content of dyes in the bathing fluids. The author merely gives statements that 
permeability is slightly or markedlj* increased or decreased^ or unchanged. Changes 
in diameter of lumen appeared not to be related to changes in permeability. 

J. M. S. 

Goedel, A,: Primary Sarcoma of the Pulmonary Artery. Frankfurt. Ztschr. f. 

Path. 49: 1, 1936. 

A case is reported in a forty-seven-year-old man, the flfth in the literature, of a 
sarcoma of the pulmonary artery. All cases were diagnosed postmortem. In this case 
the tumor masses were in the lumina of the vessels, resembling emboli or thrombi 
grossly. The diagnosis was apparent on histological examination. Only in^two cases 
wfis growth apparent outside the vessel wall. Metastases were present in the lungs 
and right heart cavity. 

L. N. K. 

Perlow, Samuel, and Bloch, Leon: Impending Gangrene of the Feet Due to 

Ergotamine Tartrate. J. A. M. A. 109: 27, 1937. 

In a case of ergotamine tartrate poisoning with impending gangrene of the feet, 
an apparently complete cure was brought about by the use of papaverine hydro- 
chloride. The patient had received 3.5 mg. of ergotamine tartrate in divided doses 
within eleven days. On the last day of tliis medication there was severe pain in the 
toes and evidences of arterial insufficiency. Seven hypodermic injections of gr. % 
of morphine were required in twenty-four hours to afford relief of the pain. There 
was no pulsation in dorsalis pedis or posterior tibial arteries. A diagnosis of 
spasm and a possibly beginning occlusion of the arteries of both feet was made. Two 
days later, he was given gr. % of papaverine hydrochloride intravenously, and gr. 
twice the next day, following which the pain was relieved and there was great im- 
provement in the condition of the feet. Arterial pulsations returned. On each of 
the next two days, gr. % of papaverine hydrocholoride was given by mouth. Suc- 
tion and pressure was used toward the end of the papaverine therapy. Within 
these several day.s, all signs and symptoms of occlusion disappeared. 

H. M. 

Singer, R.: New Observations on the Circulation of the Lower Extremities. 

11. Normal and Pathological Circulatory Changes in the Limb Veins. Wien. 

klin. Wchnschr. 49: 366, 1936. 

The author determines the emptying ability from the vein as follows: the arterj' 
is compressed with the limb horizontal, and it is observed that following lowering 
of the limb 45° below horizontal the vein fills from above, whereas no filling occurs 
on returning the limb to the horizontal position following elevation of the limb 45°. 
The state of the vein wall is determined by stretcliing the vein after stopping the 
flow from the capillaries. An abnormal vein rigidity is indicated when the vessel 
remains elevated. The. rate of flow into the vein is determined by the refilling time 
on release of the ijeripheral compression point of a stretch of vein emptied between 
compression points. 

L. N. K. 

Singer, R.: New Observations on the Circulation of the Lower Extremities. 

IHi Clinical Observations. Wien. klin. Wchnschr. 49: S71, 1936. 

■ Tlie blood pressure in the lower extremity in disease sinks to the level in the 
upper extremity, especially when there is endarteritis. This blood pressure difference 



514 


'rilE AMIfflICAN JIKART JOVHh’Al. 


can be used as an index oC llierapeuUc cflicacy. Insii/Ticiency of the right heart 
and early venous thrombosis are nuinifesled by prolonged emptying time of the 
vein following elevation of the limb -lo” from the Jiorizontal. Normally this value 
is two to six seconds. The refilling time on return to horizontal (norm.al value 
five to twenty seconds) gives an index of the stale of arterial flow. A refilling time 
of fifty seconds is to he tnhen as of serious moment. 

li. N. K. 

Eautmann, H.; Eoentgenological Studies of the Heart in Athletes. Aled. Welt. 

10 : 1007, 1030. 

A marked dilation of the heart can occur on overexerlion without sub- 
jective symptoms or cardiac acceleration. This is a good way of cheeking for 
overexertion. 

L. K. K. 


Parade, G. W.: Heart Disease and Athletics, ^^cd. Widt. 10: 1101, 1030, 

No limitation was noted in the ability to partieijmte in sports in many patients 
with valvular disease. In fact, regulated exercise will improve the condition by 
leading to bradycardia, but lack of care in such activity can lead to heart failure. 
Only myocardial damage is a contraindication to athletics. Arrhythmias like 
extrasy.stoles and auricular filirillation per .se are no contraindir.ation for such 
activities. A case is cited of a skier who liad heart hlock with dropped beats 
and who had no ill effects from his activity. Nevertheless, each case should be 
judged individually. 

I.. N. K. 

Grundig, J.: The Management of Congestive Catarrh and Cardiac Asthma in a 

Spa. Balneologc 3: 3dt, 1930, 

Those subject to cardiac asthma due to left heart failure should not l;c sent 
to a spa. However, patients with chronic congestive failure such as occurs in mitral 
stenosis do well at spas. The use of CO, baths, 0, inhalation, nnd venesection 
arc recommended as is also nitrites or nitrites and digitnli.^, Fodntires, and nareofies. 

L. N. K. 

Parade, G. W.: Heart Disturbances Pollowing Cold Baths. Balneologc 3: 400, 

1930. 

Baths of 18 to 20° were used on 50 normal .subjects. The following abnormal 
rhythms were found following the use of the cold bath: one instance of A-V 
dissociation, several of auricular paroxysmal tachycardia, and sinus arrhythmia 
(nonphasic). 

L. N, K. 


Crassusi: Clinical Dse of Adenis Vemalis (Adonigen). Deutsche med, Wchnschr. 
62: 101.3, 19.30. 

This acts as a sedative to the ectopic pacemakers of the heart. It was used 
orally and reetally in 57 case.s. The indications arc similar to those of digitalis. 
Twenty to thirty drops of adonigen may be used three times a dav- or one or two 
tablets orally or one or two suppo.sitories dail}'. 


L. N. K. 
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ACUTE AND CHRONIC COIMPRESSION OP THE HEART^' 

Claude S. Beck, M.D. 

Cleveland, Ohio 

PART I. COJIPRESSION OF THE HEART 

T he compressed heart produces a distinct clinical entity that deserves 
recognition. The correct concept of cardiac compression has been 
hidden by a confusing medical nomenclature. It has been hidden also 
by an mcorrect physiological hj^pothesis. The treatment of the com- 
pressed heart is surgical, but correct diagnosis is a prerequisite to the 
operation. 

The compressed heart is a small quiet organ. It cannot undergo 
dilatation. It cannot undergo hypertrophy. It is the exact opposite 
of the dilated hypertrophic heart. The anatomical agent producing 
the compression prohibits the heart from receiving its normal quota 
of blood for each systole. In as much as it receives a subnormal quota 
of blood, it actually pumps out a subnormal quota of blood, and the 
work load of the heart is reduced. The heart can do nothing about 
this reduction in work and it is forced to play a passive role in pump- 
ing what blood it receives. I believe that the heart can and actually 
does undergo atrophy of disuse in the compression diseases. It under- 
goes disuse atrophy much as any other muscle luidergoes disuse atrophj- 
when its work is reduced. After the compression agent has been re- 
moved by operation, the heart, like skeletal muscle, requires time to 
regain its normal strength. Indeed, in chronic cases the compression 
agent is sometimes removed completely with little improvement in the 
circulation noticeable after operation. The venous pressure may re- 
main elevated and diuresis may not take place for days or weeks after 
operation. This delay in recovery I believe is due to tlie disuse atrophy 
suffered by the heart. 

*Prom the Department of Surgrerj" of the AVestern Reserve University School of 
Medicine and the University Hospitals. 

Aided by a grant from the Josiah Macy, Jr. Foundation. 

Presented at the meeting of the American Heart Association, Section for the 
study of Uie- Cardiac Diseases, at Atlantic City, June S, 1937. 
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The coin])r(;sse(l hearl does not waste any of iln energy as do laany of 
the dilated, liyperlropliie lioarts. It fuiietions enieieiitly a]t!unH;li it 
is not. allowed to fnnelion jKiwpjately. The eardinc valves In the eom- 
pressiou <lise:ises are nornml. Tlicre are no nmrirun-s, 1’he only way 
in whieli tlie valves can heeorne inv<ilv<*d is f<»r the iiistiflieieney or stenosi.s 
to develop independently of tlie eornpression, Tlie enieicnt, althouyh 
inadoqnat<‘, aetion of the hearl is an important poitit in dintrjtfcii.s. As 
the coinpj’Ossioi! dcvelop.s, llie systolie-iliastolie exeursion of the heart 
is redneod. Sonietitnes no Iraee of pnlsalioji ran he seen over tlie pre- 
eordium. This observation in itself is sonietinies snfiieient to enable one 
to make a differential diagnosis hetwevn eonij)res,sion and other forms 
of failure. It .should save tlie surueon th<' ejnbarrassTJient of operatino 
n[)on Hie dilated, Iiyjiertropliie, fnilin" heart. Ih'dindion in tiie amjdi- 
tucle of the heart heat can he seen liy fUmroscopie examijuition. This 
examination is helpfid not only in maknijr the dia'^misi.s of the eornlition 
but also in Edviiifi the surtieon imjiortant information i’onrerniim the 
operation. By it the surKCon sometimes can determine the nature 
of the comiirc.ssion a"eiil. whether it is fluid, .scar tissue, f»r tumor. He 
can also determine whelhei- the operativ(“ npproacli should be to the 
rijzhl or to the left of the sternum. A record of tfie cardiae exenixion 
can be made by tlie roentticti kymofiraph film. f)n the basis of the dis- 
cassion so far it is elcar that the eompre.sse<l heart should be regarded 
as a small (piiel orpin. Cardiac eompression lia.s many otln.-r jmint.s 
of intorc-st. 


Let us now consider the flow of bloofl from the venae eavae into the 
lioart. Let us eonsider the iire.ssnre.s exerted upon the venae cavac 
as they penetrate llie jierieardial vavity. Thc.se pre.ssmes under normal 
conditions are nc'rative or lc.ss than the pi’c.ssurc of atmos'phore. Now, 
if the prcssui'c in the jierieardial cavity is rapidly increased, as by the 
collection of blood, the venae eavae and the rierht auricle are immediately 
collajised and the forward movement of bh)od is bnnmht to a standstill. 
This condition exists until the pressure within tlie venoii.s sy.s'tem buikks 
itself up to a level ]ii<:rh enoujrli to break throujrh the intraperieardial 
barrier. Blood then enter.s the heart. A delieate jday of pressures 
exists between intraperieardial j)re.ssure and intravenous ])re.ssure. 'When 
the former increases, the latter mu.st increase. Otherwise the patient 
dies. The pressure ui)on the in{raj)ericardial .stnictures can jio uj) to 
certain definite levels. The.se levels ai-c detennined only by the heights 
to which the venous jire.ssure can rise. Tiie compression force upon the 
heart can never remain at a higher level than the pressure in the venae 
eavae. Tliis statement can be eon.sidt?red as a physiological law. When 
the heart is acutely eomj5re.ssed, as occuis when a myocardial infarct 
or contusion ruptures, the venous pressure cannot rise above 35 or 20 
cm. of Avaler, and this is the fatal level in all cases of acute compression. 
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A pressure differential, so necessary to life, can be reestablished in two 
ways. One is to raise the venous pressure, the other is to reduce the 
compression. The venous pressure can be elevated to new high levels 
by the addition of fluid to the venous system. This point is of practical 
importance and may be applied in patients bleeding from the heart while 
preparation for operation is being made. In experiments in which a 
fatal compression level has been reached, the venous pressure can be . 
promptly elevated to 25 or 30 cm. by the intravenous injection of fluid. 
In such experiments the arterial pulse returns and life can be prolonged. 

The other signs and s.ymptoms of acute cardiac compression are 
obvious. The veins are filled with blood. The venous pressure rises 
to 15 or 20 cm. The liver has not had time to enlarge. For the same 
reason ascites and subcutaneous edema are not present. The arterial 
circulation is weak and the arterial pre&sure falls. The mental anguish, 
excitement, or unconsciousness comes from cerebral anoxemia. The 
skin grows cool and moist. 

Chronic compression of the heart produces a different picture. I 
produced chronic compression by tlie introduction of Dakin’s solution 
into the pericardial cavity.’- " This chemical irritant sometimes brought 
about a slowly forming aeeiunulation of bloody fluid in the pericardial 
cavity without adhesions and produced the clinical picture of chronic 
compression. Sometimes the Dakin’s solution brought about scar tissue 
formation on the epicardium and in the pericardium which in turn 
underwent contracture and compressed the heart. Experimental!}’' it 
was found tliat the heart could tolerate a iiigher degree of compres- 
sion if the compression developed slowly than if it developed acutely. 
In human patients tlie compression force may rise to remarkable levels.*’ 
In my series of patients the greatest compression force was from 40 
to 45 cm. of water. It is interesting to speculate concerning the adapta- 
tion that makes such high compression forces possible. Why will a com- 
pression of 15 to 20 cm. kill when applied acutely, and why can 40 to 
45 cm. be tolerated in the eiironic conditions? The explanation lies in 
the venous pressure levels. Tliere is not sufficient blood in the vascular 
system to elevate venous pressure above 15 to 20 cm. in response to 
acute compression. In tlie clironic condition we have some evidence 
to show than an increase in the circulating blood volume takes place.^' 
Another possible cause in tlie elevation of venous pre.ssure is brought 
about by the accumulation of fluid that slowly forms in the tissues and 
serous cavities. This fluid compresses the periplieral vascular tree 
to some extent and elevates the venous pressure. 

■'’Some of these measurements ■n’erc made on experimental animals, others on 
patients with compression. The data are not complete and are not to be considered 
as final because we have been having difficulty in obtaining satisfactory admixture 
. of dye with the slowly moving blood. Also the presence of bile pigments in the 
blood in cases of chronic compression is a source of error in making colorimetric 
determinations. 
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The clinical manifestations of chronic compression of the heart are 
produced by venous stasis and a reduced arterial circulation. The \eins 
are distended and sometimes elongated. They may stand out like goose 
quills. Cyanosis, ascites, enlargement of the liver and spleen, sub- 
cutaneous edema, varicose veins, hcmoiThoids, hj'drothorax, and pnl- 
mouaiy edema are all expressions of venous stasis. The liver becomes 
cirrhotic in response to long continued circulatory stasis. Tlie liver and 
spleen may be coated with a fibrinous or fibrous exudate and the peri- 
toneum may be thickened. These alterations in the abdomen are not 
infectious in origin nor are they tuberculous, as was formerly thought. 
The}'’ -were present in our experiments and are due to venous .stasis, 
Weaknes.s, loss of subcutaneous fat, and retardation of growth are due 
to a reduction in arterial blood flow. Pulsus paradoxus is frequently 
present. The systolic prc.s.sure is usually 100 and the diastolic 80 mm. 
of mercury. The pulse pressure is about 20 mm. of mercury. Fixation 
of the heart to the sternum or to other .structures has no diagno.stic or 
therapeutic significance. Low voltage and slurring of the QPS complex 
are usually seen in the electrocardiogram. Fixation of electrical axis 
may or may not be present. 

The diagnosis of cardiac comprc.ssion .should not be difficult, I have 
assembled two triads that should be helpful in the diagnosis of the.se 
conditions. The triad for acute comprc.ssion of the heart (Fig. 1) is 
(1) a small quiet heart, (2) a rising venous pressure, and (3) a falling 
arterial pressure. The triad for chronic comprc.ssion of the heart (Fig. 
2) is (1) a small quiet heart, (2) a high venous pre.ssure, and (3) 
ascites and enlargement of the liver. These triads cannot be wTong. 
Difficulties come in recognizing the small quiet heart. To .some clinicians 
the small quiet heart is an unltno\vn concept. 

There are two reasons for this obscurity. One is the confusing medi- 
cal nomenclature. Such terms as adhesive pericarditis, constrictive peri- 
carditis, chronic obliterative pericarditis, concretio pericardii, symphysis 
cardiaca, periearditie pseudocirrhosis of the liver, mediastino-pericardi- 
tis. Pick’s disease, Concato’s disease, and polyserositis are confusing. 
To quote from one of our text books: “This form of chronic peritonitis 
may be a part of a polyserositis (Concato’s di.sease) and is especially 
often associated with chronic indurative mediastinopei’icarditis, of which 
Pick’s pericardial pseudociiThosis is a pai-t. . . . The physical signs are 
those of ascites. . . The coincidence of the signs of ascites with chronic 
obliterative pericarditis or vflth arteriolar nephropathy help in making 
the diagnosis.” Such medical verbiage is confu.sing and should be 
dropped from our present-day text books of medicine. 

The other cause for confusion lies in the general acceptance of an 
incorrect physiological h}’pothesls, namely, the belief that adhesions to 
the heart play a role in producing failure, dilatation, and hypertrophy 
of the heart. I feel secure in .stating that adhesions to the heart do 
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not produce dilatation, failure, or li^Tpertroplij’- of the heart. Adhesions 
play no part in the production of the compression syndromes. When 
present, adhesions are silent and incidental findings and produce no 
circulatory trouble whatsoever unless the heart is acutely angulated or 
twisted. Our experimental and clinical evidence for these statements 
is conclusive and leaves no room for doubt. 



Fig-. 1. — ^Acute compression of the heart Note collapse of venae cavae and left 
auricle. The ventricles are smaller than normal because the heart contains a sub- 
normal quantity of blood. 


If our discussion is correct, this group of disorders no longer remains 
vague and intangible. The compressed heart becomes something definite 
both physiologically and clinically. It is just as definite as is a com- 
pressed brain. We are acquainted with the choked disc, headache, and 
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vomiting of a {'omjircsst.Hl hi'jiin. Wo liltouW Ik; oqunlly well ;io!(u;iiiilo(i 
will] the small, riuiet, (‘omiiix-s.s<*d imarl. If our iliMoiis-.sion on oorniiros- 
sion is accojilablo, iiof only dons tli<> Hiniral pirtiin; licroim' drlinite, but 
also the elinieian is brought straightway to a roiisiileration (tf Iho nature 
of the agent ])ro(.lufing the eompnissifui, ami, after IIh* {lathohigy of 



, 2. — Chronic comprcHrion of the hernt. 

be differenUalcd from that of the heart alon. 
that undergoes disuse atropliv. 


Th<' iu‘?irt Ih ii ftnnill pJmuilcon onran 


the lesion has been determined— and only after this has been determined 
— ^the proper treatment can be given. 

Acute compression of the heart is always produced by a nuid. The 
fluid is usually blood but it can be a sterile exudate or pus. Only two 
types of acute cardiac compression have received surgical treatment. 
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The penetrating wound of the heart has been treated surgically, as has 
also the compression from pus in the pericardial cavity. So-called 
spontaneous rupture of auricles or ventricles has not been given the 
benefit of operation. Similarly acute compression produced by hemor- 
rhage from a myocardial contusion or from a m^mcardial infarct has not 
been treated surgically. I can saj' with assurance that some of these 
are examples of neglect. Because some of these lesions have not been 
operated upon in the past is no adequate reason why they should not 
be operated upon in the future. The literature contains examples of 
slow hemorrhage, slow in terms of time required for getting ready to do 
the operation. The lesion responsible for the bleeding is not always 
extensive. Some of the lesions are amenable to suture or to reinforce- 
ment by a graft of pericardium. I feel confident that in the future a 
development will take place by which a larger proportion of these 
cases of acute compression will be treated by operation. 

Chronic compression of the heart is produced by a variety of ana- 
tomical lesions. The compression agent may be fluid, scar tissue, neo- 
plasm, or a combination of several of these lesions. The fluid may be 
sterile or infected. Hemorrhage from the heart may produce chronic 
compression, the bleeding being slow or intermittent. I had one patient 
with a sarcoma of the heart. The tumor bled intermittently and pro- 
duced compression. Slow hemorrhage into the mediastinal cavity fol- 
lowing the removal of a substernal goiter is known to have produced 
compression. Mediastinal effusions may produce compression. I have 
had a number of such effusions following operation on the heart. This 
complication is now cared for by establishing internal drainage into 
the pleural cavity at the time of operation. Some of the compressions 
are due to infections followed by the formation and contracture of scar 
tissue. The infection may be insidious and the development of the com- 
pression signs may be gradual and after they develop the patient may 
complain only of ascites and weakness. An extensive deposit of cal- 
cium may be laid down in the scar. In most of my cases of compression 
scars the nature of the organism could not be determined. Most of them, 
I believe, were pyogenic and only about 10 per cent were proved to 
be tuberculous. The chronic effusions may be tuberculous; from some 
of them no organisms can be recovered. One of my patients had mild 
compression signs from a non acid-fast tuberculous abscess lying over 
and compressing the venae cavae and right auricle. Two of my patients 
had compression from an invasion of parietal pericardium and medi- 
astinum by sarcoma. In these patients the pericardium was thickened 
but not adherent to the heart. Another patient had a thickened parietal 
pericardium, bloody pericardial fluid, and an epicardial scar. In this 
case three factors were responsible in producing compression: the 
parietal pericardium was too thick to stretch; the fluid aided in the 
compression, and the epicardial scar had to be removed because it also 
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compressed the heart. The heart can be compressed or partially strangu- 
lated through a traumatic rupture of the parietal pericardium. The 
eompression scars may be localized or generalized over the entire heart. 
The venae cavae and right auricle were compressed in some of our 
experiments. I have seen one specimen in which a band of calcified 
scar surrounded the two ventricles, there being no other involvement. 
In another patient a calcified ring of tissue .surrounded the pulmonarj- 
arterjL 

The experiences obtained in the treatment of these conditions cannot 
be presented in this paper. It is needless for me to say that many 
of these patients with chronic cardiac compression can be cured by 
operation and the cures are permanent. Tlie question has been raised 
as to whether adhesions form again after resection of a scar from the 
heart. Adhesions do form, but again may I add that adhesions play no 
part in the production of eompression. If the infection has become 
quiescent before operation, if it has buimed itself out so to speak, a 
thick scar whicli later undergoes contracture will not form again and 
the cure is permanent. 

PART n. ADHE.SIOKS TO THE HEART 

Since the time of Auenbrugger, Corvisart, and Laennee, we have 
been laboring in the dark concerning the subject of adhesioms to 
the heart. It is generally believed that adliesions disturb the heart 
action and that thej^ can produce dilatation, hypertrophy, and fail- 
ure. The relatioiLship between adhesions, on the one hand, and dila- 
tation, hypertrophy, and failure of the heart, on the other hand, 
has been generally considered as one of cause and effect. Because of a 
belief in this causal relationship, medical men have been chagrined 
when they have not recognized adhesions in cases of failure. These 
diagnostic mistakes or omissions in cases of adhesions are not infrequent. 
As an aid in diagnosis Norris and Landis wrote as follows: “‘'i^Tiether 
cardiac murmurs are present or not, adhesive pericarditis is to be 
thought of in a young adtilt if there is a historj- of acute rheumatic 
fever followed by endocarditis, and, especially so if the cardiac failure 
is more marked or the cardiac enlargement more extensive than the 
endocardial damage seems to warrant. An additional point of some 
importance is the fact that in young individuals apparently suffering 
from endocarditis, an adherent pericardium is to be su.spected when 
the heart does not re.spond to digitalis.” Much has been wTitten on 
the diagnosis of adhesive pericarditis. Retraction of the chest wall, 
Broadbent’s sign, friction rubs, and fixation of the electrical axis are 
all supposed to mean something in the way of diagnosis. There are 
many signs described for the diagnosis of pericardial diseases. The 
clinician has even listened for and heard the “pericardial knock.” In 
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spite of all these diagiiostic endeavors, wli’y is it that the diagnosis of 
adhesive pericarditis is little more acenr ate than a guess? The answer, 
although fundamental, is simple. • • ‘ 

Ffoin 1923 to the present time I have continuously had in progress 
some type hf recovery experiment on the heart 'aiid pericardium. Ee- 
gardless of the purpose of these experimental studies, adhesions to one 
or more of the structures adjacent to the heart were encountered in 
practically every experiment. In 1931 I reported the results of a 
special study of intrapericardial and extrapericardial adhesions pro- 
duced experimentally The conclusions arrived at were that such ad- 
hesions did not produce circulatory embarrassment, that thfey did not 
produce hypertrophy, dilatation, or failure of the' heart. During the 
past six years we have been deliberately grafting tissues upon the heart 
for the purpose of producing a new blood supply to the myocardium.® 
The tissues grafted upon the heart were parietal pericardium, medi- 
astinal fat, pedicle grafts of muscle from the chest, wall, and omentum. 
In all I would estimate that well over a thousand experiments on the 
heart have been carried out. Again on the basis of this experience it was 
my impression that adhesions produced little or no disturbance to the 
heart. Acute angulation or torsion of the heart on its long axis did 
disturb the heart and produced changes in arterial and venous pressures, 
but the ordinal'}' pull upon cjiest wall or diaphragm was well tolerated. 
In 1933 Hosier and Williams® began a series of carefully controlled 
experiments for the purpose of making more accurate measurements on 
this subject. They divided their experiments into three groups: (1) 
extrapericardial, i.e., adhesions between parietal pericardium and dia- 
phragm; (2) intrapericardial, or adliesions between parietal pericardium 
and heart; and (3) combined, in which heart, pericardium and dia- 
phragm were united. In one of these experiments the puU was so great 
as to produce a sacculation or diverticulum of the right ventricular 
cavity. The animak were, exercised upon a tread mill and were ob- 
served over a period of two, .years. Cardiac hypertrophy was not found 
in any of these experiments either grossly or microscopically. Likewise 
failure and dilatation were not found. Hosier analyzed the autopsy 
material at the University Hospitals and found 75 instances of extensive 
pericardial adhesions in 4,400 autopsies. This group of 75 was divided 
into 54 in which hjTiertrophy was present and 21 in which hypertrophy 
was absent. In each of the 54 cases there was concomitant heart disease 
or vascular disease which in itself could account for the hypertrophy. 
Almost mthout exception the largest hearts were the seat of rheumatic 
pancarditis. An analysis of the 21 hearts .with extensive adhesions but 
without hjTDertrophy showed that these hearts were free from valvular, . 
myocardial, or vascular disease in all except one case and this showed 
mild rheumatic heart disease. I believe that we can be positive in 
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asserting that adhesions to the heart do not produce dilatation of the 
lieart, failure of the heart, or hypertrophy of the lieart. The only way 
in which adhesions can impair the circulation is by producing acute 
angulation of the heart from its normal axis or by producing torsion of 
the heart either clockwise or counterclockwise in the long axis of the 
heart. Such acute dislocations of the heart are readily produced when 
the heart is exposed at operation. They are rarely encountered in pa- 
tients. 

The exact mechanism by which angulation and tor-sion of the heart 
disturb the circulation needs further study. It is our oi)inion that the 
great ve.ssels at the base of the heart arc primarily involved. However, 
neurogenic disturbances resulting in changes in heart rate seem to be 
possible as demonstrated by a patient whom we now have under obsei’va- 
tion. It should be pointed out that angulation and torsion of the heart 
interfere with the circulation in a manner entirely ditTerent from 
energy-lo.ss by pulling upon chest wall or diaphragm. 

On the assumption that the heart wastes energy in pulling upon chest 
wall through adhesions, attempts have been made to correct this con- 
dition by operation. Let us a.ssumc that the heart ha.s become adherent 
to parietal pericardium and that the pericardium has become adherent 
to the chest wall.* As the heart beats, the chest wall is pulled upon and 
this movement appears to be a wa.ste of energy. AVhen the heart, be- 
gins to increase in size as it frequently docs in those conditions in which 
adhesions appear (rheumatic heart disease) the waste of energy i.s con- 
sidered as a cause of the hypertrophy and enlargement. On this as- 
sumption the next step is towards correction. Two possibilities exist. 
One is to sever the central end of the adhesion, i.e., the heart end. The 
other is to relax the particular part of the chest wall that is pulled 
upon b}’ removing the ribs from this particular area. The first alterna- 
tive has never been utilized, but in 1902 the .second idea was applied 
and the Brauer® operation came into being. This operation has been 
reported in over a hundred cases and is incorrectly called a “cardio- 
lysis, ’ ’ 


What results have been obtained by this operation?® In analyzing 
the results I am reminded of a patient whom I saw about five years ago. 
He had panrheumatie heart di.sease with adhesions. He was criticallj' 
ill with ascites, hydrothorax, cyanosis, etc., and any tjTie of operation 
was out of the que.stion. He Avas sent home to die. Today this patient 
is remarkably well and all .signs of failure have disappeared. He leads 
an active life. If the operation had been done and if he had s-urvived 
it, it would be considered that an excellent result had been obtained from 


that even Jf the heart were not directlv adherent to the 
nevcrthele.ss, could be effected bv pulling 
upon the oiaphragni, . . > 
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the Brauer operation. The results of the operation in general cannot 
be analyzed with any degree of accuracy. There is no similar control 
group for comparison. If I might express an opinion, I would say 
that the extra bed rest and attention afforded these patients before and 
after operation did them more good than the operation itself. Even 
this statement implies that the operation did some good and of this I 


am skeptical. 

In conclusion, I believe that a'dhesions to the heart are silent and 

\ 

incidental, that there may be no reakon for their recognition clinically, 
and that there is no reason to operate^iU;heir correction. 
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THE USE OF MERCUPUBIN IN THE TBEAT]\IENT OF 
CONG-ESTIVE HEART FAILURE AND IN THE 
MOBILIZATION OF EXCESS BODY FLUID^^ 

Harold J. Stewart, M.D., and Charles H. Wheeler, M,D. 

New York, N. Y. 

W E ARE so frequent!}' confronted with manifestations of congestive 
heart failure that methods of combating them are a matter of 
great concern. That the methods are ai limes and indeed finally unsuc- 
cessful is ample evidence that we have not yet found the infallible 
diuretic. It is important therefore for xis to test rigidly and impar- 
tially any new diuretic drug that gives pi’omise of being beneficial. 

In heart failure of the congestive type, and in certain other unre- 
lated conditions in which there is accumulation of excess fluid in the 
body, such as cirrhosis of the liver exhibiting ascites, reduction in the 
amount of excess fluid is commonly followed by relief of sym])toms. This 
beneficial effect is often attained by the administration of drugs pos- 
sessing diuretic action. Since the introduction of salyrgan by Bern- 
heim in 1924,^ this organic mercurial diuretic has been widely used in 
the treatment of heart failure^ of- the congestive type and cirrliosis of 
the liver exhibiting ascites ; it is now recognized to be a potent drug 
of low -toxicity. 

In an attempt to make an even more potent and less toxic diuretic 
than sal}T’gan, von Issekutz and von Vegh“ in 1928 described a new 
organic mercurial diuretic which they called novui'it. Novurit dif- 
fered from salyrgan in two respects: first, tlie mercuiy containing rad- 
ical was a different organic substance; and second, it contained theophyl- 
lin, which was said to be chemically bound to the mercurial compound. 
Von Issekutz and von Vegh claimed that the diuretic effect of novurit 
in rabbits was considerably greater than that of salyrgan and also that 
it was only one-haK as toxic in rats. Since the introduction of novurit 
it has been shoum by Herrmann, SchAvab, Stone, and !Marr," that the 
combination of theophyllin and a mercurial diuretic exerts a diuretic 
action greater than that of either of the drugs when given alone. Fur- 
thermore, DeGraff and Battennan* have observ-ed that the presence of 
theophyllin at the site of injection of mercurial diuretics tends to pre- 
vent the local toxic effects of the. mercurial drug on the tissues. In the 
light of these observations a drug containing theophyllin in chemical 
combination with a mercurial compound might possess certain advan- 
tages not inherent in or possessed by salyrgan. 

Medtol"colIe^'^'' Hospital and the Department of Medicine, Cornell University 
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Novurit is said to contain mercury 0.0393 gm. per cubic centimeter, 
an amount approximately identical with that in salyrgan. In addition, 
it contauis 5 per cent of theophyllin, 3.5 per cent of which is said to be 
chemically bound to the organic mercury compound. During the past 
two or three years nowmt has been sold in the United States under 
the proprietaiy name “mercupurin.”* Nowirit and mercupurin are 
names for the same substance. 

Clinical experience with mercupurin has been recorded within the 
past seven years by Hahn,® Popper,®* " Saxl,® Spengler,® Engel and 
Epstein,’® and Pratsieas,” abroad, and within the past two years by 
Crawford and j\IcDaniel,’" Eulton and Biyan,’® Steuer and Wolpaw,’^ 
and DeUraff, Nadler, and Batterman’® in the United States. The num- 
ber of patients to whom these investigators gave mercupurin varied 
from three to sixty. iMost of the patients were suffering from heart 
failure of the congestive t 3 T)e, a few from cirrhosis of the liver exhibit- 
ing ascites. None of these investigators gave more than a few injec- 
tions to each patient. Toxic effects were not observed. Certain ob- 
servers®* ®* ’®* ’®* “ were of the opinion that it was as satisfactory as 
salju’gan, while others®* ®’ ’’> ”* ’-* found it more effective. In addition 
to the papers already quoted, there are many in the Slavic languages 
which were not available to us. 

The effects of the administration of mercupurin to patients on the 
medical pavilions of the New York Hospital have been observed for one 
year. No effort was made to study the mechanism of action of mer- 
cupurin nor to compare directly the effect of mercupurin and that of 
salyrgan. The results of these observations under conditions similar 
to those in which the drug is commonly used form the subject of this 
report. 

METHODS OF OBSERVATION 

AU patients were at rest in bed. With a few exceptions a diet con- 
taining two grams of salt was given. The intake of fluid was restricted 
to 1,200 c.c. a day in most instances. Occasionally a larger amount was 
given, usualU because fever was present. Many of the patients suf- 
fering from heart failure of the congestive type received maintenance 
doses of digitalis daily and many of them were given theocalein, theo- 
bromine sodiosalicylate, or aminophylline as well. The data forming 
the basis for this report comprise only those observations in which the 
diuretic effect of mercupurin could be isolated from the effects of other 
drugs if they were being given. Most, patients received annnonium 
chloride, 3.() gm. daily, at the same time. Patients were weighed daily 
before breakfast unless they were so ill that it appeared advisable to 
weigh them at intervals of several da.ys instead. The intake of fluid and 

•We have used in our studies mercupurin prepared by Campbell Products Inc., 
New York City. 
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output of urine were uieasurefl in twenly-iour-lioiir periods, Sinee the 
apparent diuretic effect was the same, ■whether f lu; volume of urine or tlu* 
ioss of weight was selected as the erilerion. the former, iiatiiely the vol- 
ume of urine, Avas used as tlie measure of diuresis. 

‘Willi the exception of one ])alienl, Mr.s. h., Case No. 4, avIjo re- 
ceived the drug intramuscularly, it AA'a.s given intraA'cnously without 
dilution. It ivas given in the morning in ordei- that the volume of 
urine excreted on the day of injection migiil rei>resent the largest part 
of the diuretic effeet. In most instances a trial dose of 1.0 c.c, Avas 
given, and folloAA’od after an ititerA-al of tAconty-foiir horn’s hy the usual 
therapeutic amount, 2.0 c.c. This amount Avas repeated at lliree-day 
intei’A'als as long as tliero was indication for its use. The interA'al be- 
came longer as the aeeumulations of fluid fleereased. The use of the 
drug Avas continued until imjirovement nmehed a satisfactory .stage or 
until it failed to induce diuresis. In certain eases it aa'Hs given at ir- 
regular intervals as it apiioared to he indieatfsl. 


oa.sKUAA’rtoN.s 


Four hundred tlnrly-eighl injetdions Avere given to 60 imlients pre- 
senting clinical evidence of aceumulalion of fluid in the ti.ssiuw. Fifly- 
tAvo of the.se exhibited heart failure of the congestive type. In them the 
etiology of the heart di.sea.se AA’as rheumatic fever in 10 (f.'ases So. 1 to 
16 inclusiA'c, 5!), 60, 01), arteriosclerosis in 18 (Cases No. 17 to 2.5 in- 
clusive, 62-65), hyjiortension in 10 (Cases No. 26 to 85 inclusiA'c), 
syphilis in 2 (Cases No. 66 and 87), pericardial disease in 6 (of these, 
5 [Cases No. 38, 40-43] suffered from chronic constrictive pericarditi.s 
and 1 [Case No. 80] from recurrent pericardial effusion), and pulmonary 
fibrosi.s* in 2 (Ca.ses No, 44 and 45). Nine patients (Cases No. 46 to 
53 inclusiA'c and 66) suffered from eirrlmsis of llie liver exhibiting 
ascites. Of the five patients remaining, 2 (Cases No. 54 and 55) ex- 
hibited the nephrotic stage of ehronie glomerular nephritis, 1 (Case 
No. 56) hydrolliora.x and ascites of unknoAAOi etiologv', another (Case 
No. 57) ascite.s as a consequerus* of tuhereulo.sis of the peritoneum; and 
finally 1 (Case No. 58) exhibited hydrothorax and ascites secondary to 
carcinomatosis of the pleura and peritoneum respectiA'cly, 

Patients received from 1 to 45 in,iectt<ms : forty-one received from 1 
to 5 injections; tAveh-e, from 6 to 10; scA'cn, from 11 to 15; and three, 
from 16 to 20. C. K., Ca.se No. 46, received 29 injections in six 

months. Another patient, Mrs. A. K., Case No. 88, recei\'ed 36 injec- 
tions in tAA'oh'e months, AA'hile another, Jili.ss E. C., Case No. .39, received 
45 injections in thirteen months. These tA\'o, as Avell as four others, Avere 
given m ereupurin in the out-patient depai-tment after discharge from 


con.siacretl to be Uie etloloKlc.^1 factor fn thoKC cascfi in 
cvanoKli pulmonary emphysema, enlargement of the right ventricle, 

dencp of onv Ln ? , 1 ^ evldence.s of heart failure, and lack of evl- 

oence of an> one of the other more usual etiological factors. 
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the hospital. Evaluation of the effect of injections given in the out- 
patient department was made from a consideration of the occurrence of 
sj^stemic toxic effects, of undesirable reactions at the site of injection, of 
the apparent effectiveness of the drug in preventing the reaceumulation 
of fluid, of a statement of the patient as to the diuretic effect, and 
finally in certain instances, of measurement by the patient of the vol- 
ume of urine. The results of the injections given to patients in the out- 
patient department are not, however, included in the quantitative data 
recorded in Figs. 1 and 2, which form the basis for our analysis of the 
effectiveness of this drug. 

Only 286 of the 438 injections appear to represent the diuretic ef- 
fect of mereupurin uninfluenced by factors which might have altered 
the result obtained from tlie drug. That is to say, the results from 152 
injections were discarded either because of iueomplete data, or because 
the simultaneous administration of another drug did not permit us to 



Fig-. 1. — This figure represents a frequency distribution of the daily amounts of 
urine from 200 c.c. to 6,000 c.c. in 100 c.c. increments resulting from 286 injections 
of mereupurin in 57 patients. Each square represents 1 unit, that is to say, 1 injec- 
tion. The numbers in the squares identify the patients. In patients numbers 1 to 16 
inclusive and 59, 60, 61, the etiological diagnosis vras rheumatic fever; in numbers 
17 to 25 inclusive and 62-65, arteriosclerosis: in numbers 26 to 35 inclusive, hyper- 
tension; in numbers 36 and 37, syphilis; in numbers 38 to 43 inclusive, pericardial 
disease: in numbers 44 and 45, pulmonarj- fibrosis; in numbers 46 to 53 inclusive 
and 66, cirrhosis of the liver exhibiting ascites; in numbers 54 and 55, the nephrotic 
stage of chronic glomerular nephritis; in number 56, hydrothorax and ascites of 
unknown etiolog>' ; in number 57, ascites as a consequence of tuberculosis of the 
peritoneum; and* in number 58, hydrothorax and ascites secondary to carcinomatosis 
of the pleura and peritoneum respectively. 


make an estimate of the effect of mereupurin. Tlie 286 injections which 
satisfy our criteria were given to 57 patients. 

DISCUSSION OF RESULTS 

Statistical analysis of the data relating to the 286 injections which 
satisfy’" our criteria yields more information about the results to be ex- 
pected from giving mereupurin than can be obtained by the study of 
individual eases. For this analysis data have been arranged in the 
form of two frequency curves (Figs. 1 and 2). The general trends of 
diuretic effect appear from examination of each chart as a whole and 
the analysis of each as a frequency curve. From these curves also may 
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be observed the variation in cfTect in individual eases, as well as I lie in- 
fluence of etiologj" on tlie diin-clic effect. 

For instance, it appears that llic diuretic eFecl in the ffreatest num- 
ber of the injections lies in tlie xone representing a diuresis of between 
1,000 and 2,000 c,c. in twenty-four Jiours (Fig. 1). The output of 
urine on tbc day of injection, however, varied betwefcn extrmnes of 200 
and 300 c.c. and 5,800 and 5,000 c.c. TJic following faets .stand out: 
on one occa.sion only Ava.s a diuresis greater than 5,000 c.c. obtained: 
8 injections given to G patients resulted in a diuresi.s of between 4,000 
and 5,000 c.c., while 33 injection.s gi^'en to 15 palienls yielded an out- 
put of urine of between 3,000 and 4,000 e.c., and 09 itijeetions givrtu to 
28 patients gave a diuresis of between 2,000 and 3,000 c.c. A volume 
of nrinc less than 1,000 c.c. occurred with relative infrcf}uency. 
Analysis was in.ade from aTiolher point of view: it appears that the 
most frequent effect of the drug was to i)ierea.se the volume of urine 
on the day of injection from two to five tinms over that on the preced- 
ing day (Fig. 2) ; the extremes .sliow at one end that the output of 
urine on the day of injection was oeeastonally le.ss than the amount on 
the preceding day, and at the other end (iial it was 19 tim«*s that 
amount. It was uncommon for tbc urinaiw output to increase 10 times 
or more. Increases of from 5 to 10 times were obseiwed in relatively 
few instances. Only 24 of 2SG injections failed to produce any in- 
crease in the urinary output. From the distribution of numerals re- 
ferring to patients in Figs. 1 and 2, it is apparent that in certain pa- 
tients an injection might at one lime produce marked diuresis and at 
another time be le.ss effective. For example, Case No. 36 gave a number 
of responses of between 1,000 and 2,000 c.c., and also a number wliicb 
lay belAveen 3,000 and 4,000 c.c. In certain instances tlie variation in 
response appeared to be related to the amount of excess fluid pre.sent; 
in others it was not possible to attribute tlie difference in effect, to this 
cause and we were unable to account for it. In otlicr patients small 
diuretic responses were u.sually obtained, as for example Case No. IS, 
whose respon.se was u.snally ]e.ss than 1,000 c.c. In other patients, 
stiU, consistently good effects were obtained; for example, in Case No. 
40 the diuresis was usually in excess of 3,000 c.c. 

These data have been analyzed also witli respect to the bearing of 
cliologj' on the effectiveness of this diuretic drug (Figs. 1 and 2). Five 
cases of chronic constrictive pericarditis (Cases No. 38, 4043) a.s an 
etiological group, showed the best diuretic effect. Tliere did not ajipcar 
to be any significant difference in effect between ea.se.s of heart failure 
of the congestive tjipe whether it was of rlieuroatic, of arteriosclerotic, 
or of hypertensive etiology. Nine cases of cirrlio-sis of the liver exhibit- 
ing ascites, as a group, showed smaller effects than any of the other 
etiological groups in which the number of cases was comparable; never- 
thele.ss, excellent diuresis was occasionally obtained in this group. For 
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example, Mrs. C. K., Case No. 46 (Fig. 7) usually responded to an in- 
jection by a urinary output of over 2,500 c.e. so that the drug was 
quite effective in preventing the recurrence of ascites. With respect to 



Rig-. 2. — ^This figure represents a frequency distribution of the quantitative diuretic 
effect of mercuuurin, calculated on the ratio of the urine output on the day of the 
injection to the dav before injection. In it are recorded 286 injections given to 57 
patients. The unites one injection. The numbers, -n-hich are the same as in Fig. 1. 
are used to identifv the patients. In the column parallel to the units in eacii quantita- 
tive rubric are placed symbols indicating the etiological diagnosis. In each column 
the same , sequence of etiological classification is maintained. 


the other etiological groups, namely sjiihilitic heart disease, pulmonary 
heart disease, and the miscellaneous group of 6 cases, the number of 
patients was too small to permit a general statement. 
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The diuretic eft’eci of iiiercnpurin is r-ceoixicd 
5 patients illustratin«r as many etioloprical frroups 


in data Kcesired 
(Fij's. 3 to 7), 


from 


In 4Ii(? (’URC of Mr. .1. It., ISo. 1, »i wliio- uifilo, forty j-ight y<-;tr.« of nr>*. tl:f' 
(liafjiJORO.R* were: (a) rlieuiaalie fever; (h) euoliri'' etilarf^etiscnt, aiiJral Kterioak 
and inRufiioieney; (e) niirietilar fibrillation, and heart failure of the eonee.''tive type. 
He liad suffered from dyspnea and ankle edema for twelv/- yejirs le-fore ridiiiisrioa. 
Ho exhibited the followini;^ of heart failure: many moist rales at the briser 

of both lunttfi posteriorly, rruirked rwellin;; of the liver, a rmall amotinl of fluid 
in the peritone:il ea%’ity, and masMive pitting toletna of the lov.er le^s am! tiiiphs. 
It was found that rest in bed and the admini'^trntion of ditjifali.* bad little diiiretie 
effect. Becau.se auricular fibrillation wa,-- pre.^i-jit, the tis*' of difjifali.' was, however. 
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I-'iK. 3.— In this npure Is roprepente,] the diuretic etrect of tnercupurin In the 
J. Ii.. Case Xo. 1, surferlnff from rheumatic lieart ili«-ase. 


case of 


continued, (In givn;; mereupurin, exeelhmt diuresis, atfainiiiK -l.ifOO cea a dav, wa.® 
obiained .j), as.<-tK.-i:ited witli loss in biKiy weight and the re^re.'.'ion of the 

physical sign.*-- of heart failure. 

Mr, \\. W., Case Xo. 21. a wliite nnile, ..jxiy-eiglit year., of age, suffered from 
artcrio.<-clerofic heart disease. The diagnose.s were; (a) arterio.-idcro.si.s; (b) en- 
largement of the hetirf ; (c; auricular fibrillation, and heart failure of the eongestive 
tj-pe. He had experienced dyspnea, edema of the ankles, and i>re,-ordial pain bofli 
on exertion and at rest for one and one-half years, and orthopnea and cough for two 
months. The following signs of congc.stive lieart failure were ob.-e’rvwl: many moi.st 
rale.s at both lungs bases, a small amount of fluid in both pleural cavities, mwlerate 
swelling of the liver, and marked pitting edema of the lower legs, thighs, and sacral 
exhibition of re.st in bed, digitalis, and theobromine sodio.salicylate 
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no demonstrable change in the physical signs occurred. Injections of mercupurin 
were then given and induced a tremendous increase in the output of urine, which was 
as great as 4,200 c.c. a day (Fig. 4), accompanied by rapid decrease in the ac- 
cumulation of fluid. 

In the case of Mrs. C. C., Case No. 30, a wliite female, forty-three years of age, 
the diagnoses were as follows: (a) hypertension; (b) enlargement of the heart; 
(c) normal sinus rhythm, and heart failure of tlie congestive type. Hypertension 
was known to have been present for at least nine years, dyspnea, orthopnea, and 
ankle edema had been observed for three years, and during this period digitalis 
had been taken regularly. The signs of heart failure were as follows: many moist 



Fig-. 4. — In this figure is represented tiie diuretic effect of mercupurin in W. W., 
Case No. 21, suffering from arteriosclerotic heart disease. 

rales at the bases of both lungs, marked enlargement of the liver, and massive pitting 
edema of the lower legs, thighs, and sacral region. Tlie administration of digitalis 
was continued. Because the output of urine remained low mercupurin was given 
also. It induced diuresis amounting to as much as 3,700 c.c. a day, and as a conse- 
quence the peripheral edema disappeared and the other signs of heart failure de- 
creased; a satisfactory loss of weight was observed (Fig. 5). 

The case of Mrs. P. A., Case No. 40, a white female, forty-four years of age, 
illustrates the effect of this drug in a patient suffering from chronic constrictive 
pericarditis of unknown etiologv*. Auricular fibrillation was present. She complained 
of swelling of the ankles for five months and swelling of the abdomen for two 
months before admission to the hospital. Fluid in both pleural cavities, moist rales 
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over the upper part of both lungs, marked enlargement of the liver, a large amount 
of ascites, and massive edema of both lower legs and thighs were the signs of heart 
failure. The exhibition of rest in bed, of restriction of fluid and salt, and of 
digitalis as well as thcocalcin not only failed to reduce the accumulations of fluid 
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Fie. o. In this is shown the diuretic -effect of mercupurin in C. C., Case Xo. 

- 0 , i%i)o suffered from hypertensive heart disease. 

b t were also ineffective in preventing further storage of it. When mercupurin was 
given at intervals of two or three days, excellent diuresis was obtained, the Tirinarv 
output increasing to as much as .5,800 c.c. a day, the patient lost weight rapidly, 
.1 d decrease in the clinical signs of heart failure was observed. The patient ap- 
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peared -to gain, weiglit in the intervals between the injections, so that it appeared 
that mercupurin alone was responsible for the failure of fluid to reaccumulate and 
weight to increase (Fig. 6). 

The use of this drug in alcoholic cirrhosis of the liver when ascites is present 
is illustrated in the case of Mrs. C. EL, Case No, 46, a white female, forty-four 
years of age (Fig. 7). On two previous admissions to the hospital the administration 
of salyrgan had proved ineffective in preventing the recurrence of ascites. Wlien the 
patient came under our observation during her third admission she had been in the 



Pig-. 6. — ^In this figure is represented the diuretic effect of mercupurin in the case 
of P. A., Case No. 40, suffering from chronic constrictive pericarditis. Ammonium 
chloride and theocalcin were given daily. Diuresis occurs on the days mercupurin 
was given. 


hospital for twenty-one weeks. During tliis period it had been necessary to perform 
abdominal paracenteses at approximately ten-day intervals, and no decrease had been 
noted in the rapidity with which fluid recurred. A series of injections of mercupurin 
was then instituted and was found effective in preventing increase in the amount 
of ascites; the body weight remained relatively constant (Pig. 7). Mercupurin was 
then injected at weekly intervals for six months, both in the hospital and in the 
out-patient department. During this six months ' period onh' four abdominal 
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paracenteses were requirerj. The occasion for these arose in consequence of attempts 
to discontinue the use of mercupurin. 

Certain observations are not brought out in the data presented in 
Pigs. 1 and 2. For instance, 54 injections of mercupurin given to 31 
patients gave diuresis which was definitely prolonged into the day fol- 
lowing its administration. Its effect had disappeared on all occasions, 
however, by the end of forty-eight hours. 

It was observed in general that the .smallest diuretic effects occurred 
for the most part in patients in whom examination revealed little evi- 



_ this fifnjre Is recorded the diuretic 'effect of mercupurin In the c.ose of 

C K., Case No. 4G, suffering from cirrhosis of the liver. The results of the first four 
Injection.'? m.ay be compared with the la.st three In the period when ammonium chloride 
was beinp Kiven. 

dcnce of excess fiuid, and that the large.st effects occurred for the mo.st 
part in jiatients in whom there were physical signs of massive accumu- 
lations of fluid. In short, it appeared that the amount of the diuresis 
was roughly directly proportional to the amount of exee.ss fluid which 
was availalile for mobilization. 

In 16 patients observations were made both with and "without the 
simultaneous admini.stration of ammonium chloride. It seemed po.s- 
-sible in the.se to make an e.stimate of its influence on the diuretic effect 
of mercupurin. This analy.sis i.s, of course, open to the criticism *that 
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the status of the patient when ammonium chloride was being given 
could hot with certainty be said to be, and probably would not be, the 
same as when this drug was not given. Moreover, we have already 
directed attention to unexplained variation in the diuresis from time 
to time in the same patient. Nevertheless, in the case of 13 patients 
ammonium chloride appeared to augment the effect of mereupurin; on 
the other hand, in three other patients more marked diuresis occurred 
vdthout the use of ammonium eliloride. Most of the patients who gave 
consistently poor responses did not receive, for one reason or another, 
ammonium chloride. In the case of two patients who received urea 
daily for some time, the effect of mereupurin was greater while urea 
was being given than was the case before or after. In two otiier eases, 
however, the administration of urea failed to augment the diuretic 
effect of mereupurin. 

Toxic effects were observed in only 3 of the 66 patients concerned 
in this analysis. On tAvo occasions Mrs. P. A., Case No. 40, complained 
, of nausea on the day of injection, and on two otlier occasions she ex- 
perienced abdominal cramps, mild diarrhea, and slight acceleration of 
the pulse. It Avas obseiwed that on each of these occasioiis there AAms 
diuresis of over 4,000 e.e. The plij’siological strain of excreting so 
large a volume of urine bj- a chronically ill patient may, hoAA^ever, ac- 
count for these symptoms. The second patient possibly exhibiting toxic 
effects AA'as Miss E. C., Case No. 39. This patient, a girl fourteen years 
of age, AA’eighed, when free of excess fluid, only 29.0 kgs. She received 
43 mjections of mereupurin, usuall}' 1.0 e.c. and occasionally 1.5 e.c., 
Avdtliout AintoAAmrd effects. On tAvo occasions when 2.0 c.c. Avere given 
she experienced severe nausea on the day of injection. In Anew of her 
very small size the reaction occurred probably because the amount of 
mereupurin was too large. The third patient in AAdiom the question of 
toxic effects arose was Mr. C. K., Case No. 55. FolloAAung tAAm of the 
six injections AAdiich were given he experienced moderate diarrhea not 
associated AAuth any other unpleasant sjnnptoms. 'With these excep- 
tions, hoAA^ever, no undesirable effect of mereupurin AA^as obserA^ed in any 
of the 66 patients, many of Avhom received a large number of injec- 
tions. Eepeated examinations of the urine did not reA^eal eAudenee of 
renal irritation. The relatively Ioav toxicity of mereupurin is Avell illus- 
trated in the case of hlr. M. W., Case No. 11, who received three doses 
of 2.0 c.c. each AAuthout marked diuretic effect. He Avas then given 4.0 
e.e. on three occasions. Taa-o other patients, Mr. M. K., Case No. 8, and 
Mr. A.AV., Case No. 47, also AA-ere given 3.0 e.c. on tAAm occasions. On 
the occasions mentioned these larger amounts induced more marked 
diuresis AAdthout giving rise to undesirable toxic effects. 

The drug was given to tAA*o patients in the neplu’otic stage of chronic 
glomerular nephritis. In them there AA’as observed no CAddence of toxic 
effect on the kidney. Mrs. K. 0. (Case No. 55, Figs. 1 and 2), a thirty- 
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eiglit-year-old ■\voinfiii, ■who had exhibited ina.ssivc edema lor one yeai*, 
received 9 injections in a period oi sixly-mie days. Excellent diuresis 
rc.sulted, a.ssociated vith lo.s.s of 19.G kg. in body weight. Mr. C. K. 
(Case No. .5:5, Figs. 1 and 2), a fifty-four-year-old man, who had .suf- 
fered from massive edema for three years, and wlio was known to ha\'e 
had marked albuminuria during thi.s time, received C inject ion.s in a 
period of thirty-two days. The urea clearance was 75 per cent, of nor- 
mal. Only moderate diuresis oecui'red. It w.as not effective in reducing 
the body weight because fluid reaccumulated during the intervals be- 
tween injection. Examination of the urine of those two patients every 
two to three days did not show evidence of renal irritation and .sub- 
seciuent obsci’vation did not reveal evidence of docT-ease in renal function. 

Venous thromboses and .sloughs at the site of injection were not ob- 
served. In 5 patients the escape of appreciable amounts of mercupurin 
into the subcutaneous tissues occurred during injection. In each in- 
stance there was erythema, localized edema, and l.mrning pain about the 
area. These persisted for one to two hours and disappeared. Further 
reaction did not ensue, however, in any case. 

SU.MMARV 

Four hundred thirty-eight injections of the mercurial diuretic mercu- 
purin -were given to 06 ])atients who prc.senled ])hysical signs of cxce.ss 
■fluid in the tissues. Fifty-two patients suffered from heart failure of 
the congestive tj^pe, nine from cirrhosis of the liver exhibiting aseitc.s, 
two from the nephrotic stage of chronic glomerular nephritis, one from 
hj’^drothorax and ascites of nnlaiomi etiology, one from tuberculosis of 
the peritoneum exhibiting ascites, and one from carcinomatosis of the 
pleura and peritoneum with hydrothorax and ascites. Each patient 
received from 1 to 45 injections; 2.0 c.c. "was the dose u.sually given. 

The results of 286 injections given to 57 patients appeared to repre- 
sent the diuretic effect of mercupurin uninfluenced by other factors. A 
stati.stical analysis was made of these data (Figs. 1 and 2). 

Mercupurin appears to be an excellent diuretic dnig. It is our im- 
pression that it is at least equal and possibly .superior to .salju'gan in 
this respect. The diuretic effect varied between 200 c.c. and 5,000 c.c. 
but was most commojily between 1,000 c.c. and 2,000 c.c. Analyzed in 
another fashion, the urinary output was increased as mueh as nineteen 
times, but most frequently the increase did not exceed five times. These 
general statements may also be made; it appears to be equally effec- 
tive irrespective of the etiological tjT)es of heart disease; the magni- 
tude of the diuresis appeared to be roughly proportional to the amount 
of excess fluid stored ■within the tissues; ammonium chloride appears 
to enhance its diuretic effect; diuresis in patients suffering from cir- 
rhosis of the liver exhibiting ascites appears to be less striking, al- 
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though the drug was frequently effective in preventing the recurrence of 
ascites; good results were obtained consistently in patients suffering 
from chronic constrictive pericarditis. 

Effects which might have been construed as toxic occurred in only 
3 patients, although the toxicity of mercupiirin is open to question in 
two of these instances and was inconsequential in the third. On the 
other hand, mercupurin has the definite advantage that thrombosis or 
slough did not occur at the site of injection. It is our opinion that of 
the kno^vn mercurial diuretics, mercupurin is to be preferred when it 
is desired to mobilize fluid. 
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EXTRAOARDIAC DETERMIxXANTS OF TIIE SITE AND lOVDIA- 
TION OF PAIN IN ANGINA PECTORIS WITH Sl’ECIAE 
REFERENCE TO SHOUIxDER I>ATN^ 


Erkst P. Boas, and Hyman Lia v, ^M-D. 

Ni:\v York, xN. V. 

A PAINFUL left shoulder Is coininonly eneoiinlemj in palienls with 
angina i)ectoris. Edciken and WolferUi’ ha^’e recently again called 
attention to this association. We refer not to the usual radiation of the 
substernal pain to the left .shoulder and left arm, Init rather to a con- 
tinuous intractable pain in the .shoulder, which is aggravated by move- 
ment of the .shoulder, but not by walking, aTid which prevent.s sleep 
because the patient is unable to hear his weight on the .ioint. T)je .shoulder 
is tender to touch, and there Is, as a rule, .sharp limitation of motion on 
abduction and external rotation. The clinical i)icturc of these painful 
.shoulders resembles that of so-called subdeltoid bursitis, or periarthritis 
of the shoulder. Roentgen study rarely reveals calcification in the .sn]>ra- 
spinatus IcJidon. The condition is very porsi.stent, arid usually the pain 
is out of i>roportion to the demonslrablc lesion in the shoulder. 

Tlie a.ssoeiation of such painful shoulders with eoronaj-y artery di.sea.se 
and angina pectoris is too frecpient to he accidental. Tlie ovcnvhclming 
preponderance of left-sided shoulder pain in patients with angina 
pectoris is significant. Of our 21 cases IG were left-sided, and of Edciken 
and Wolferth’s 14 cases all hut two were left-sided. Orthopedists, on 
the other hand, wlio see the general nni of painful sliouldei’s, report that 
the majority are right -sided.^ Did .such disability ari.se from traumatic 
causes alone, one would expect pi-epondcrant riglit-sided .symptomatology, 
for most people arc riglit-handed. Still more significant is the observa- 
tion that patients with radiation of the anginal pain to the right shoulder 
and right arm may subsequently develop right-sided shoulder pain. 
Edciken and Wolfertli as well as Howard' report sucli ca.sos. 

Shoulder pain in patients Avilh angina pectoris may give rise to A’aried 
clinical picti^res. ^lo.st striking are i)atienls vdio have been conscious 
of a mild disability and pain in the left shoulder, and who within a 
day or Uvo folloAving a thrombosis of a coronai-y artery de\'clop se%'ere, 
even agonizing, continuous pain in the left shoulder resembling that of 
a severe periarthritis. The development of .sucli shoulder pain A\-ithin a 
week or two after an aij-pical attack of upper abdominal or chest pain, 
the diagnosis of whicli is in doubt, may give the fii'st clue that a cardiac 
infarction Avas the cause of the attack. 


’From tRc lledlcal Service (Dr, George BacTir) Ntount Sinai Ho.epital. 

o ® Heart As.ioclaticn, section on cardiac disorders, June 

Gt jLUoly at AUaiitlc City, T7. j. 
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More often the association of left shoulder pain mth the anginal 
syndrome is less dramatic. There are patients in whom the shoulder pain 
may antedate or may follow the coronary occlusion by many weeks or 
months, or even years. "We have observed a man who had episodes of 
severe left shoulder pain at the ages of sixty-seven and sixty-nine years, 
who at the age of seventy-one suffered a coronary thrombosis, without 
having had preceding anginal sjmiptoms ; and who ’finally at the age of 
seventy-seven, one month after an attack of acute left ventricular 
failure, iiad a third severe attack of left shoulder pain. Not uncommonly 
there is an intensification of the shoulder disability whenever there is an 
aggravation of the cardiac condition. 

Left shoulder pain is uncommon in forms of heart disease other than 
that due to coronary arterj’ sclerosis, but we liave seen it in a man with 
the anginal sjmdrome associated with calcific aortic stenosis, as well as in 
another patient following paroxysms of auricular fibrillation. 

Severe Shoulder Pain Folloiving Coronary Thronibosis 

Case 1. — A. a grocer, at the age of forty-seven years, liad a sudden attack 

of constricting pain in the left chest wliich radiated to the left shoulder and lasted 
for a few minutes. Following tliis he had classical angina pectoris on eifort. A 
year later, at the age of forty-eight he had severe attacks of anginal pain. Five 
days after an attack, which lasted twenty hours, he was admitted to Mount Sinai 
Hospital. The electrocardiogram on admission showed an abnormal R-T transition 
and a negative T-wave in Lead I which in live days changed into a tj^pical coronary 
T-wave. Four • days after admission he complained of precordial pressure, with 
radiation of pain to the left arm on the slightest movement in bed. Several days 
later he experienced a particularly severe attack of pain referred to the left arm 
and to the left side of the trunk and with this Avas unable to move the left shoulder 
and the fourth and fifth fintyrs of the left hand. The electrocardiogi'ara revealed no 
further change. From this time on there were progi’essive pain and limitation of 
motion of the left shoulder. The pain was so severe that it required hj-podermic 
medication Avith morphine. The arm could not be raised passively. Abduction and 
external rotation caused seA-ere pain. The condition very sloAA’ly receded. At the 
time • of discharge, ■ three and one-half months later, there still AA’as incomplete mo- 
bility of the left shoulder and distuict atrophy of the left forearm. He Avas re- 
admitted tAvo months later. l^Iovements of the shoulder caused pain and a creaking 
could be felt in the joint. There was atrophy of the muscles of the left arm and 
the forearm. There Avas hj'peralgesia of the left forearm and of the chest. Five 
months later the shoulder pain persisted and the electrocardiogram at this time 
showed loAV Amltage and . slurring of the QRS in Lead I. The T-AA’aA^e in Lead I 
AAms upright - and Avas partially inA’erted in Lead III. (He Avas receh-ing digitalis 
at this time.) - 

Illustrating PightSided Shoulder Pain With Pight-Sided Padiation of Angina 

Case 2. — ^P. F., a man fifty years of age, had had attacks of acute febrile polj'- 
arthritis at the ages of tAVenty-four and forty-one. He had no knoAA'ledge of an 
accompanjing heart lesion. Beginning about Aug. 15, 1936, AA'allcing induced pain 
to the right of the sternum, AA’hich radiated to the right shoulder and AA'hich AA’as associ- 
ated AAdth some difficulty in breathing. The symptoms compelled him to halt and AA-ere 
relieved by nitroglycerine. Excitement induced similar pain. On about ISTov. 1, 1936, 
he dcA-eloped continuous pain Avith limitation of motion in the right shoulder. This 
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pain was not induced or inlenm/icd by exertion and ku-fed about n ’week, hxinn'wu.- 
tion on Dec. 17, 393G, revealed u paety complexioned man. The lungH v.crc clear. 
Movements of both elioulders were free mid painless, iliioroscopy revealed slight 
enlargement of tlio left ventricle and of the left auricle, 'llie first heart sound \va« 
dull. There was a systolic murmur at tlic apex, transinilted a .‘■hort distance to the 
axilla. Blood pre.ssurc was 110 .systolic and -SO diastolic. The e!t‘ctrO';ardiograrn 
showed slurring of the QTIS in all lead.s, Q-waves in I/cads IT and ITT, and a neg.a- 
tive T-wavo in Lead III. The QHS interval niea-sured 0.12 second. The patient Imd 
an old inactive rheumatic mitral in.su flicicncy, as well as an old infarction of the 
posterior aspect of the left ventricle. 

Tin's case illustrale.s not alone right shoulder pain with right-sided angiiml radia- 
tion, but .sugge.sts that the ou.fet of the shoulder pain marked the occurrence of a 
coronary thrornbosi.s. 

Intensification of Shoulder Fain hy Intcrcurrent CoroTtarij Thrombosis 

Case 3. — M. S., a matt aged forty-nine ycar.s, had knotvn of gh'co-yria .«inee early 
in 193-1. Beginning in March, 1933, and jjcr.'^isling for two year.“ he had had pain 
in the right upper inter.scapular region, which radiated to the right lower anterior 
chest. This pain occurred onlv’ wliilc he was resting in l)ed, ams relieved hy moving 
about and was not induced by exertion. In December. 1931, he complained of in- 
creasing tiredne.'-s and of some pain in the porterior aspect of the left shoulder 
which was intensified by movement of that joint. On March 15, 193.5, he suffered 
an attack of right lotver anterior che-st pain wliicii radiated to the angle of the 
right scapula and which lasted two day.s. With this there tv.as intermittent cramp- 
ing epigastric pain. Examination on ^^arch 18, 1935, revealed a man look.ing rather 
old for hi.s years. The lungs were clear. Eluoroscopy revteiled a heart of normal 
size and configuration. The aorta was elongated and dense. Tiie lieart sounds 
were of good quality. There were no murmur.^. Blood pressure w.as 1*35 sy.sfollc 
and 8.5 diastolic. The electrocardiogram was norra.al in the conventional lend.®, but 
there was a very deep T-wavc in I>cad 15’. He .'Stayed in l)cd for two months. 
Daring this time he complained of a rather con.Mant pain over the lotver right 
ribs, both anteriorly and posteriorly. TJie pain was nggrav.ated by movement of 
the trunk, but not by walking. Exarnin.ation on May 33, 393.5, revealed free move- 
ments of the spine and no bands of hyperesthesia. There was tendenic.'s over the 
lower anterior ribs on the right side. The electrocardiogram now .Kliowed a .‘•■mall 
diphasic T-wavc in I>’ad 15'. In August, 1933, the right shoulder was very pain- 
ful for a week. This cleared up and pain developed in the left shoulder which pwr- 
sisted for four months. In December, 1936, he had an attack of precordinl pain in 
the region of the apex, wliich la.^ted one hour, compelling him to rest in bed for 
two weeks. There was no radiation of pain during the attack, but following the 
attack the left shoulder pain, which by this lime had Ijocomo minimal, became 
intemsified and limitation of motion of the shoulder joint appeared. The electro- 
cardiogram on Jan. 15, 1937, again revealed a deep T-w,avc in Lead IV. 

This case illustrates intensification of shoulder pain by interenrrent attacks of 
coronar}' thrombosis as well as a shift from the right shoulder to the left shoulder 
as the anginal pain moved from the right of the stemnin to the region of the apex 

Belief of Anginal Fain by Premtre on the Brachial Plczu.s 

Case 4. — S. E., a man aged fifty-seven years, had had typical angina pectoris 
since 1929. On Oct. G, 1935, he had a nocturnal attack of severe cramping pain in 
both arms above the elbows, which lasted for ten minutes. Tliere was no associated 
chest pain. Following this he developed distressing pain in the left .shoulder which 
persisted for two months. There was no further angina on effort, but the shoulder 
was constantly troublesome and he was unable to use the left arm. Examination 
revealed moderate limitation of abduction and external rotation of the left .shoulder. 
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Movements were limited by muscle spasm and severe pain. Libman’s maneuver 
for the relief of this shoulder pain was attempted. A point was found over the 
left brachial plexus, pressure on which caused severe pain which radiated to the left 
shoulder and down the left arm. Strong pressure was exerted on tliis spot for about 
two minutes until the whole left arm became numb. This pressure caused agonizing 
pain, so that the patient perspired freely. Immediately after the cessation of the 
pressure, the pain in the shoulder disappeared and all movements of the arm and the 
shoulder were absolutely free. Complete relief lasted for twenty-four hours. Pain 
recurred then in milder degree and was relieved by ten diathermy treatments. 

• Case 5. — ^I. B., at the age of forty-four years, in 1932, suffered a coronary 
thrombosis after having had angina pectoris on effort for two months. During the 
cardiac infarction there was sticking pain in both forearms. Following tliis he had 
anginal pain on effort without radiation to the shoulders or arms. When last seen 
in May, 1937, he stated that for two months he had felt pain in the right wrist on 
walking five blocks, as well as on change of weather. Six weeks after the onset of 
those sjTuptoms he was awakened at night rvith severe pain in the right shoulder. 
He was unable to lie on his back. This pain persisted to the day of Iris examination 
ten days later. Abduction of the arm was limited to 90 degi'ees and there was pain 
on external rotation. Pressure on the right brachial plexus caused severe pain 
without radiation to the shoulder or arm. Strong pressure was thus exerted for 
one minute. Following this the shoulder pain was gone and movements of the 
shoulder joint were free. In putting on his coat the patient was surprised at the 
freedom from pain. A few moments before his wife had had to help him take off 
his coat because of the crippling pain in the shoulder. The cardiac status and 
electrocardiogram on the occasion of this examination were unchanged. 

This case again illustrates right shoulder pain with right-sided anginal radia- 
tion, as well as successful relief by the Libman maneuver. 

Painful Left Shoulder in a Patient With Angina Pectoris Due to Calcific Aortic 

Stenosis 

Case 6. — ^W. F., a man aged fifty-nine years, had had articular rheumatism as 
a child, and had known of a heart lesion since the age of twenty years. He was 
first observed at the age of fifty when lie complained of dyspnea on climbing stairs 
and of transient attacks of faintness. Examination revealed a classical aortic 
stenosis and insufficiency vith little cardiac enlargement. At the age of fifty-six he 
began to have a burning pressure under the sternum when walking after meals, suf- 
ficiently severe to compel him to stand still. This gradually became worse so that 
after three more years he could hardlj' walk one block. At the age of fiftj^-nine 
his left shoulder became painful. The pain was continuous and was intensified b}" 
abduction of the left arm. Examination two months after the onset of the shoulder 
pain revealed great enlargement of the left ventricle, moderate enlargement of the 
right ventricle and. slight left auricula.r enlargement. There was a .sj’stolic thrill 
and murmur at the aortic area, as well as a diastolic murmur which latter was 
transmitted to the apex. Blood pressure was 120 sj'stolic, So diastolic. The electro- 
cardiogram which 'had been normal nine years prerlously showed inversion of T,, 
diphasic T„ and T„ and a very small initial downward deflection in Lead PY. The 
left shoulder, particularly its outer aspect, was tender and there was marked limita- 
tion of motion on abduction and external rotation. Nine days after this examination 
the patient died suddenly, six hours after an attack of severe precordial pain. 

Painful Left Shoulder in a Patient With Paroxysmal Auricular Fihrillatio7i and No 

Demonstrable Organic Heart Lesion 

Case 7. — ^P. F., a man aged forty-two, on Dec. 1, 1936, had a sudden attack of 
palpitation and dyspnea which lasted about an liour. He noted a rapid irregular 
beating of his heart. On April 8, 1937, he had a second attack which lasted two 
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and one-half hours. An cketrocurdiogram revealed auricular fihrillation v.ith 
rapid ventricular rate and many exlr,a.«-y.«lolcf‘. A third attach lastmf' two hours 
occurred on April 18, ID,'}?. Ever .rince the fitni attack the left shoulder has l)Cen 
slightly painful, although movernentH of the shoulder were free. He ohserved that 
the .“houldcr pain on each occ.asion was intensified for ahout an hour after an at- 
tack of rapid palpitation. Examination on April 2"i, Ht.'lT, at a time when there 
was normal sinus rhythm was completely negative. 'So organic heart lesion could k? 
demonstrated, the blood pressure nns 120 systolic and 80 diastolic, 'ihc rdectro- 
cardiogram was normal. There was no evidence of hyperthyroidism. Tiic left 
shoulder was not tender and all movementK were fret? and painless. 


DI.SCU.SSION 

It is most impofl.'uit to dislingtiish this .shoiiiclcr paiti from Uie pain 
of anginal radiation. Tiic patient can clearly differentiate the tv/o. 
The shoulder ]tain is contitiuous, often intensified at night when the 
patient lies on the shoulder, aggravated by nioveinent.s of the arm, but 
not by general body excrci.se, tind there is limitation of abduction and 
external rotation of the arm. When angina and shoulder pain coexi.S't, 
and when the shoulder pain is inten.sificd by tlie angina on effort, nitro- 
glycerine relieves tlie chest pain but not the shoulder pain. 3fany 
patients are kept in bed for weeks by their phy.sieian.s in the erroneou.s 
belief that the persistent shoulder pain sigmalizes a progn-ftssivc cardiac 
lesion. Although the.se painful shouldei-s Jiiu; often initiate<l by an acute 
cardiac episode, they may persist for months witlioul further proga’e.s.s 
of the heart ]e.sion, and often yield to ai)propriatc phy.siollierapeutic 
mea-sure.s, in particular diatheiTny. At time.s they are miraculously 
cured by the maneuver described by Libman^ — strong, j)rolonged pres- 
sure for one or two minutes on a sensitive point over the coiTe-s}>onding 
brachial plexus. 

The mechanism of .shoulder pain in patients with coronary artery 
di.sea.se remains obscure. The syndrome has been deserii)ed by a number 
of oh.serv'er.s. R. Schmidt^ pointed out that in many patients with 
angina jicetoris there are permanent .sensitive si^ots, j)artic'ularly the 
left brachial ydexus. There is often tenderness along the spinal nerve 
roots from C7 to 114, Trophic di.sturhance.s such as herpes zoster, and 
hjq)erhydro.sis have been observed in this distriluition. There are 
arthralgias of the left shoulder and rheumatic myalgias in the area of 
trophic disturbance, as well as pai’e.sthc.sias of the left upper extremity 
which often persi.st between attacks. To explain all of these phenomena 
Schmidt as.sumed a neuralgic or neuritic condition of the cardio-aortic 
plexus, and postulated that the anginal attack just added a peak to a 
permanent state of e.xcitation. 

Libman has been interested in this phenomenon for years and in 
1927® described a patient with angina pectoris and seveu-e left shoulder 
pain, which radiated domi to the fingens. The patient also had a cervical 
rib, and had had tingling and weakness of Ihe hand, hut no pain for 
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years. Libnlaii eoncliided that the angina pectoris or a neuralgic condi- 
tion of the cardiac plexus had sensitized the cervical nerves and had 
converted the tingling and weakness into severe pain. In 1935^ he 
pointed out that a subacromial bursitis will begin to give pam shortly 
after a coronary thrombosis has occurred. He suggested that the fre- 
quent coexistence of shoulder pain and angina pectoris was determined 
by the fact that they were both caused by the same metabolic disturbance. 

Lian® in discussing angina pectoris complicating left thoracobrachial 
neuralgias expresses the belief that the cervical neuralgia is the result 
of repeated “nerve shocks” caused bj’ the frequent anginal seizures. 
The brachial neuralgia, in turn, may cause an anlr^dosis of the left 
shoulder. Lian believes that the reverse process can take place ; that pure 
brachial neuralgias can give tjqiieal anginal radiations, and that in such 
cases a retrograde radiation takes place. 

Bdeiken and Wolferth suggest an analogy between shoulder pain and 
causalgia and that the sympathetic nerves may be concerned in the 
production of the jiain. Intei’esting in this connection is a report by 
Kwan° of a patient with severe causalgia of the left arm following a 
bullet wound that had shattered the clavicle. At operation the brachial 
plexus was found imbedded in sear tissue and the axillary artery was 
obliterated. Dissection of the scar tissue and excision of several inches of 
axillary artery brought no relief. The pain ceased promptly following 
eervicothoracic ganglionectomy. 

There is no satisfactory explanation of the manifestations of shoulder 
pain in patients with angina pectoris. A large group of associated and 
apparently related phenomena must be considered together in an attempt 
to gain an understanding of the mechanism involved. Shoulder pain 
occurs vuth exceptional frequency in patients with angina pectoris. 
With left-sided anginal radiation it is almost always the left shoulder 
that is involved, ■\^^len the right shoulder is affected there is almost 
always right-sided anginal radiation. Other disturlmnces in the arm are 
often encountered, even in the absence of shoulder pain. One of the 
most striking is wealmess or lameness of the left arm. This is a very 
common complaint of patients with left-sided anginal radiation. Ke- 
cently we saw a man who had lost his anginal pain after having suffered 
a coronary thrombosis vith right-sided radiation, but who was unable to 
work because of Avealoiess of the right arm. Not uncommonly one sees 
inverse radiation in angina pectoris, tlie pain beginning in the fingers 
and traveling up the arm to the precordium. At times in such cases 
this inverse anginal seizure is provoked b.y use of the arm or by touching 
a cold object. Frequently, too, a patient will be able to walk quite freely 
vdthout pain, but if he carries a light overcoat or brief ease in the left 
arm he is stopped by an anginal attack after wallcing a sliort distance. 
I'et he can carry heavier articles in the right hand without distress. 
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At times lameness of the left, ai'in when earryin*? light ohjeets may he 
the first and only symptotn of angina jjeoloris, the elassieal pietnre 
appearing monliis or years la1<;r. 

Herpes zoster in skin areas eorresponding to the disfrilinlion of the 
pain has been repeatedly deserihed in patients with angina peetoris,’'^ 
Cases of localized sv/eating in the shoulder and arm in anginal patients 
hav'c been recorded.”' Ilatiegan and fjiviu’' observed five x»atients 
who during their .anginal attacks had yiainful contractures of the left 
upper exlrcrnily, especially of the fimrers of the left hand, Bard” 
studied a man, aged thirty-three, vdiose left middle finger "v.'cnl derid’’ 
during anginal seizures. Between anginal attacks the third toe of the 
left foot repe.'itedly heearne pale and cold. The patient died suddenly 
in an .anginal seizure. 

A more striking illustration of the reln1ionshij» between the hraelti.al 
plexus and referred preeordi.al ])ain is found in the following ease of 
Aronowitsch.’' A man, aged tv.'enkv-nine, had a neuroin.'t giving ri.se 
to a severe neuralgia in the .slum}) of his left arm that had been ampu- 
tated at the lower third. At o])eration Iv/o neuromas were extirpated. 
Four days later severe p.ain in the left arm appfsared. This v.us soon 
followed by air hunger and a feeling as thougli the lie.art had .stoy/ped 
beating. In. addition there were crises of jtain in the i>recordiurn, neck, 
and left shoulder <as well as yu’ccordial oy)j)ression. B.x.mnination of the 
heart revealed no abnormalities. After drainage of :i hematoma that 
had formed in the slump, tlm pain and the angimil seizuisrs .slowly 
disappeared. 

Much has been written al)ont pain in the left chest and .shoulder girdle 
caused by arthritis of the ccr’vical spine, llanflig”' observed that .'d- 
though the shoulder joint was painful its movement.s v/erc not limited 
and there w'as no spa.stieily of the shoulder inu.sele.s. In ])atienls with 
narrowing of the lower cervie.al intervertebral dis^^s jiain in the shoulders, 
arms, and precordium may oeeiu-, and with this there is often inahility to 
raise the arm as in hrashing the hair. But even in .such patients p<'i-s.si\'e 
moA'crnents of the .shoulder are free,” Shoulder y)ain associated %vith 
angina pectoris is characterized by marked limitation of inolion of the 
.shoulder and .s-paetieity of the mu.seles around the .shoulder joint. This 
suggests th.at ditierent raechani.sms are involved in the two eomlilions. 


Our first thought "was that there was an independent affection of the 
shoulder, and that the radiation of anginal pain down the same .sensitized 
pathway merely inten.sified the pain due to the local lesion. Caimett” 
believes that shoulder reference of pain and tenderness in biliary colic 
a.s v,'e]l as in angina pectoris oecuns only as an aggravation of a neuralgia, 
due to some extraneous caase. It is interesting that shoulder pain of 
the tj-pe seen in angina pectoris is not obs^;in-ed in patients with chronic 
gall bladder di.sefise, although referred pain to the right .shoulder is 
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very common. The distribution of anginal pain in patients with 
spondylitis, or with peptic nicer or gall bladder disease, as will be de- 
scribed below, also suggests that sensitization of a dermatome bj' another 
disease process may determine the spread of anginal pain and increase 
its intensity. However, tlie weiglit of e\ddence points to a primary 
sensitization of the brachial' plexus by afferent pain impulses from the 
heart. 

' Oiir omi observations together with those culled from the literature 
reveal the frequent occurrence of sensoiy and trophic disturbances in 
the ann and shoulder which liave been the seat of radiation of pain in 
anginal seizures. These neurogenic disturbances of the upper extremity 
differ in character and mechanism from tlie usual tjqie of referred 
pain. The disorder persists long after the anginal attack, although 
it is usually intensified iiy recurrent attacks; there is no hjqDeresthesia 
of the skin in the corresponding dermatomes; the brachial plexus and 
some of the nerves derived from it are tender on pressure. The shoulder 
joint, which is so often the seat of a very painful affection, is innervated 
bj^ the fifth and sixth ceinfical nerves, whereas cardiac afferent impulses 
enter the dorsal ganglia in the first five dorsal segments, but not at higher 
levels. Firm pressiu'e on the homolateral brachial plexus evokes intense 
pain referred to the shoulder, and prolonged pressure may bring about 
instantaneous relief of the pain and limitation of motion of the affected 
shoulder (Libman) . 

Recent work on the electrophysiology of nerves has shown that 
periodic painful impulses are capable of building up intense activity in 
the central neurone and may thus give rise to constant pain. One would 
have to suppose that periodic cardiac afferent unpulses are in this 
manner- conducted to higher levels in the spinal cord, and that there a 
summation of their effects gives rise to continuous pain in the brachial 
distribution. The suggestion of Schmidt and Lian that a neuralgia of 
the cardio-aortic plexus gives rise to a brachial neuralgia explains 
nothing and is but a phrase. If some such mechanism obtains, then 
alcohol block of the first five thoracic ganglia on the affected side should, 
by eliminating the cardiac afferent impulses, lead to rapid subsidence 
of the shoulder and arm affection. We have not yet had opportunity 
to test this in a patient. According to this concept, too, shoulder pain 
occurring before manifestations of angina pectoris might in certain 
cases be etydence of cardiac afferent impulses of insufficient intensity to 
produce tlie anginal syndrome. This is in accord Yuth Schmidt’s observa- 
tion that tenderness of the brachial plexus on the left side may antedate 
the appearance of the sjonptoms of angina pectoris. 

.. The location and radiation of paui in patients with angina pectoris 
presents - other inizzbng phenomena. Years ago ailaekenzie^^ drew 
attention to the fact that if a patient with angina pectoris had an ab- 
scessed tooth the anginal pain would radiate to that tooth. 
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Tlic usual radiation oC the pain of anginii i)oetoT-is is aloii^ the course 
of G8 and D1 and D2, involvin-r the prccordiuin, left shoulder, and 
tipper extremity. According to the theory of refeiu’cd jiain, if fhe sen- 
sory stimuli from the heart make irritable sjiinal segments other than 
those at their level of entry into the spinal cord, corrosijondinii: dcmia- 
tomes are afTected, the pain spreads (or radiates) and may he felt in the 
neck, face, scalp, abdomen, and even in the thigh. If a .second disca.sc 
process, e.g., an abscessed tooth, .sensitises a sj)inal segment at a level 
distant from the one corres]>onding to the heart, this distant area may be 
the sole seat of pain indvieed by and rellceted from the heart. If tlic 
distant spinal segment is less highly .sensitized, pain may he felt fnijt 
in the dermatome corresponding to the heart, and secondarily in the 
distant area. Thu.s there may he radiation of jiain to distant areas, with 
intervening silent zones. 

The following eases illu.strate these phenomena; 

1\ K., a woman aged fort.y-niiic year."<, had taiown of glycosuria and lij'jmrtcn.'-rion 
for .seven years. For twelve year.s weather change.^ had produced inodcnite tcctring 
pains of all of her extremities. Hiiiee the ag(,* of forty-one, hurrying or going 
up stairs induced jcain in the suhoccipital area, wiiich radiated to tlie scalp and to the 
thoracic and lumbar spine- Tlie pain was severe and cutting in nature and a.s“(wi- 
ated with some difficulty in bretithing. It eoinpelh-d her to rest. The pain was re- 
lieved by strong pressure of the hand exerted over the l«ck of the neck. In January, 
1937, at the age of forty-nine, she had severe pain througliout the body as though it 
were "broken” and the right arm and neck were very painful. Borne hours later 
the pain became more severe and radiated from the neck down the right arm. There 
was no chest pain. The blood pressure dropjied from its usual level of 230 to 150 
systolic, and the temperature rose to 102.5'’ F. tind remained elevated for soverul 
days. Examination a few days later revealed as a striking finding marked tender- 
ness of the right shoulder and inability of abdjiction and e.xternal rotation liecau.se 
of severe pain. Tlic licart was enlarged to the loft. The heart sounds were of good 
quality. Blood pres.surc was 200/.00. She was reexamined five weeks after her at- 
tack. Fluoro.scopy revealed moderate enlargement of the left ventricle. Blood 
pressure was 175 systolic and 75 diastolic. Tlie electrocardiognira revealed a Large 
Q-wavo in Lead I. The T-wave.s were low and the It-T segment depro,«sed in all 
lead,®. The shoulder pain and tenderne.s.s liad disappeared and motion of the arms 
was free. There was no abnormality of the spine. 

We believe that in this case tliere had Isecn a mild spondylitis for twelve year.® 
uhich determined the radiation of tlic pain. The ease, too, illustrates right-sided 
radiation with right-sided .shoulder pain. 

S. H., a woman aged fifty-nine vcut.h, had known of liypertonsion for one year. 
Ever since the age of tliirty years site had had attacks of "lumbago,'' characterized 
by- severe pain in tlie lumbo.sacral area, which would la.st for several day.s and conRne 
her to bed. She had had her last attack at the age of fifty-four. In her fifty-eighih 
year she began to complain of lumbosacral pain which would radiate np the dorsal 
spine and would be associated with a sense of choking. Tlii.s pain would come when 
eke walked a few blocks quickly .and would compel her to rest. She said that 
the pain would be unbearable if it lasted more than a few moments. Similar lumbo- 
sacral pain was induced by excitement. .She was examined in 19.37 at tlie age of 
fifty-nine. Slie was rather stout, with a pendulous abdomen. Tiiere were .sc.attcrcd 
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wlieezes throughout both lungs. Fluoroscopy revealed slight enlargement of the left 
ventricle. The first heart sound 'was feeble. There were no murmurs. Blood pres- 
sure was 200 systolic and 100 diastolic. The electrocardiogram revealed very low 
T-waves in all leads, particularly in Lead I. The urine showed much sugar. There 
was no evidence of local disease or tenderness in the lower spine or in the sacro- 
iliac region. She was given a reduction diet, as well as a corset to support her 
abdomen. She lost nineteen pounds in two months. She was able to walk much 
more freely and her attacks occurred less frequently. However, at the end of this 
period her niece died and on this occasion the patient had an attack of severe pain 
in the sacrum, radiating to the spine associated with a sense of choking which lasted 
only a few minutes. 

In this case the anginal pain radiated to the sensitized lumbosacral spine. 

Harlow Brooks^® described a man who had had chronic appendicitis 
for years and who then developed angina pectoris. Effort regularly pro- 
voked pain in tlie right lower quadrant of the abdomen, which radiated 
to the sternum and dovm the left arm. A man vdth renal calculus 
regularly felt on exertion pain in the region of the affected Iddney, 
associated with substernal oppression.^^ In another man with long- 
standing occipital neuralgia the anginal pain radiated to the back of 
the head.“^ 

Well Imowii are cases in which the pain of coronary thrombosis is 
referred to the epigastriiun and is associated with vomiting, giving 
rise to the clinical iiicture of perforated peptic ulcer or acute cholecystitis. 
Ulcers of the stomach, or peptic ulcer of the esophagus may cause sub- 
sternal pain that maj^ radiate to the region of the cardiac apex and to 
the left shoulder. Such pain bears a definite relationship to the inges- 
tion of food. The usual site of pain in peptic ulcer is in the epigastrium. 
It ma 3 '' radiate to the entire abdomen and to the lower anterior chest. 

When a patient with a peptic ulcer develops coronaiy arteiy disease, 
the ulcer pain maj^ follow the distribution of the anginal pain. This is 
exemplified bj^ the case of a man, aged fifty, who had nocturnal epi- 
gastric paui that radiated to both axillae and down the inner aspects 
of both arms to the elbows. The pain was relieved by a warm drink. 
Identical pain occurred an hoim after meals. The same pain, however, 
was induced bj^ walldng a few bloclcs and compelled him to stop. Fol- 
lovdng treatment in the hospital, the spontaneous pains after meals 
disappeared, but walldng a few bloete produced substernal pressure and 
pain in the right shoulder compelling him to halt. Five weeks after 
the onset of his S3unptoms he had a hematemesis and blood in his stools. 
X-ray' studies showed the presence of a duodenal ulcer. The electi’o- 
cardiogram showed left axis de\aation, a sharply negative T-wave in 
Lead I and an abnormal R-T segment in Lead II. This patient had both 
angina pectoris and a duodenal ulcer, and the ulcer pain radiated down 
the sensitized cardiac pathway's. Treatment induced a remission of the 
ulcer pain, but the angina on effort persisted. 
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L. D., a male, at the age of thirt 3 --eiglit had had, for a period of four weeks, 
lower sternal -pressure shortlj' after meals and lasting half an hour, as.^ociatcd with 
heaviness of botli arms and difficult}' in raising the shoulders. Such pain occurred 
frequently at night and lasted one to two hours. Koentgen -studies of the stomach 
at that time were said to be negative. The symptoms remitted spontaneously and 
he remained in good health until the age of forty-nine, when on Nov. 10, 1930, 
one hour after lunch, he experienced sudden lower sternal pressure with pain radiat- 
ing up both sides of the face, lasting about an hour. There was no sweating. He 
continued at work and two days later there was a recurrence of similar pain radiating 
to the face, which lasted all night. During the following two and a half weeks this 
pain with facial radiation appeared regularly half an hour after meals. He entered 
Mount Sinai Ho.spital on Dec. 0, 1930, at which time the pain was not definitely re- 
lated to meals and lasted for hours on end. It was situated over the lower sternum 
and radiated to the face. Tlie patient was given a .strict Sippy diet and milk drip 
therapy and the pain ceased. An electrocardiogram taken at this time revealed 
evidence of a recent cardiac infarction. Efwntgen study of the gastrointestinal 
tract showed a gastric ulcer. Following his discharge from the ho.spital lie noted 
fatigue after walking half a block, compelling him to slow his pace. He never 
felt actual chest pain or pressure on exertion. IMien last examined in February, 
1937, he had no abdominal tenderness. Fluoroscopy revealed some enlargement of 
the left ventricle and left auricle. The first heart sound was loudj there was a 
systolic murmur at the apex. The blood itressure was 115 systolic and 70 diastolic. 
The electrocardiogram showed a negative T-wave in Lead I, an ab.sent initial down- 
ward deflection and an upright T-wavo in Lead IV. 

Thi.s man had had a ga.stric ulcer eleven years pretdou.sly. In Novem- 
ber, 1936, he had a coronary' tlu-omhosi.s marked by pre.ssiire over the 
lower sternum, and radiation of pain to the face. Shortly thereafter 
he developed typical periodic ulcer pain, with the same radiation as the 
cardiac pain, which was relieved by a Sippy regimen. The ulcer pain 
follotved the pattern previously laid down by the anginal radiation. 

At times ulcer pairs may have a typical anginal radiation in the 
absence of objective evidence of coronary artery disease and of angina 
on effort. In such eases one should su.spect the presence of a latent 
coronary sclerosis. Illustrative of this is a man, aged fifty-four, who six 
years previous for two weeks had dull pain in the left parasternal 
region occurring about 3 p.jt. and lasting about one-half hour, and re- 
lieved by alkali and by milk. The pain was unrelated to exertion. Tliree 
years later there was a recurrence of similax* symptom.s for a brief 
period. He was then well until a month before his examination, when 
he began to notice left parasternal pain, which radiated to tbe epi- 
gastrium and to the left .shoulder. The pain awakened him almost every 
night. It began in the epiga.strium and radiated to the precordium 
and left shoulder and was relieved by bicarbonate of soda. Walking did 
not produce the pain. Physical examination, in particular of the heart 
and abdomen, was completely negative. The electrocardiogram was 
normal. Roentgen study revealed a duodenal ulcer. The symiptoms 
were promptly relieved by a Sippy diet. When seen one and a half 
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years later, lie was sjanptom free. Exaiiiinatioii and electrocardiography 
of the heart again were normal. 

Pain arising in a diseased gall bladder maj' sininlate the pain of 
angina pectoris, and in such cases it is difficult to determine which of 
these organs is giving rise to the sinnptoms. It has been shovm experi- 
mentally in human subjects that inflation of the conunon bile duet by 
means of a rubber balloon may cause pain referred to the precordium,^^ 
In the presence of a normal heart it is unusual for the pain of gall 
bladder disease to radiate to the preeordium. In patients who have 
both gall bladder disease and coronary artery disease the pain provoked 
by the cholecystic disease may radiate to the preeordium and left arm. 
Lian-^ has reported the ease of a man wth angina pectoris and gall 
bladder disease in whom pressure over a palpable gaH bladder repeatedly 
provoked anginal crises ivitli radiation down the left arm. We have 
recently seen a similar ease. 

B. E., a man aged fiftj'-six years, liad had classical angina pectoris on effort for 
hve years. He has been observed in the cardiac clinic at Mount Sinai Hospital since 
July, 1933. A study in December, 1934, revealed a heart of normal size and con- 
figuration. The electrocardiogram showed the QES complex slurred in Leads I and 
rV, the T-wave negative in Lead I, diphasic in Lead IV, and an absent initial down- 
ward deflection in Lead ItL Eoentgen study of the gall bladder with dye was normal. 
He entered the hospital in May, 1936, because of right upper quadrant pain. One 
and one-half months previously he had had an attack of such pain which had lasted 
two days, for which he had receh’ed a hj’podermic injection. Twelve days before 
admission colicky right upper quadrant pain recurred and persisted to the day of 
his entry to the hospital. Examination at this time showed a temperature of 101° 
F., a wliite ceU count of 18,900 with 76 per cent of poljoiuclear leukocytes. The 
patient was hypersensitive. The first heart sound was feeble. The pulmonic sec- 
ond sound was accentuated. The blood pressure was 150 systolic and 100 diastolic. 
There was marked tenderness in the right upper quadrant and the liver could be 
felt extending tliree finger-breadths below the costal margin. Pressure in the right 
upper quadrant, particularly in the anterior axillary line, caused pain beneath the 
examining finger, as well as pain to the left of the sternum and difiiculty in 
breathing. There was no trapezius or brachial plexus tenderness on either side. 
In the course of ten days the temperature and blood count returned to normal. The 
blood pressure dropped to 115/75, and the tenderness in the right upper quadrant 
gradually abated. On about the eighth day pressure in the right upper quadrant 
caused no local pain, but did cause shai-p pain referred to the preeordium. The 
electrocardiogram revealed a small Q-wave and a flat T-wave in Lead T, and an 
absent initial downward deflection and a diphasic T-wave in Lead RL The gall 
bladder was not visualized on x-ray film after the administration of dye. 

In tliis case a man wlio had had coronary artery disease for some 
jmars developed an acute cholecystitis. Pressure over the gall bladder 
provoked sharp precordial pain. 

The interpretation of such cases is not as simple as it seems. When 
there is unequivocal evidence of coronary artery disease it may be as- 
sumed that the pain from the gall bladder radiates domi the sensitized 
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cardiac pathways. But studies of Pitz-Hugh and Wolferth^"' seem to 
indicate that at times the gall bladder disease may cause injurj' to 
the myocardium, giving rise to anginoid pains and T-wave changes in 
the electrocardiogram, and that after operative cure of the gall bladder 
condition the preeordial pain may completely disappear and the electro- 
cardiogram return to normal. We have seen a patient who seems to 
fall in this category. 

H. G., a man, was fir.st seen in 1932 at tlic age of forty-one year.«. In 1930, 
following a bowel movement he sulTcred .severe cramping pain in the entire abdomen. 
With this he perspired freely, and had marked palpitation. He recovered quickly 
and a few weeks later had a .similar attack. On both occasion.s he was able to work 
the day after the attack. In 1932 he complained that for two months he had been 
having sharp momentary stabbing pains in the precordium while walking, which com- 
pelled him to stop. IWien he was tired he felt a continuous pres.sing sensation in 
the precordium which was aggravated by walking, but this did not compel liim to 
stop whatever he was doing. Examination at that time was negative. He was 
obese. The heart was not enlarged; the heart sounds were of good quality. Tlie 
blood pressure was 118 systolic and 80 diastolic. The electrocardiogram was normal. 
He was seen again in February, 1937. He had had a herniotomy in .Tunc, 1930, and 
two months later had had an attack of lower abdominal cramps, with sharp preeordial 
pain about the apex, and vomiting. He was in bed for one week after tliis attack. 
In December, 1930, he was awakened at night by severe sticking apical pain v-dth 
ditficulty in breathing. Deep inspiration reproduced the preeordial pain. In Febru- 
arj", 1937, he had a similar attack with fever followed by two milder attacks on the 
following days. The preeordial pain was relieved by nitroglycerine. On the third 
day he became icteric. Physical examination was negative except for moderate 
jaundice. The heart showed no abnormalities. The electrocardiogram, however, 
revealed T-waves that were practically flat in the three conventional leads. He was 
admitted to ilount Sinai Hospital where a cholecystectomy and a common duct ex- 
ploration were performed. Gravel was found in the common duct. The gall bladder 
showed a chronic cholecystitis. Eecovery was uneventful. He was seen six weeks 
after the operation. He was completely free from all symptoms. The electrocardio- 
gram was normal; the T-waves again were of normal configuration. 

Ha.s this patient both gall bladder disease and coronary artery dis- 
ease, or were the cardiac pain and the myocardial damage as shoAvn by 
the electrocardiogram secondary to the gall bladder affection? 


SUJniARY 

An affection of the shoulder citaracterized by pain, muscle spa.sm, and 
limitation of motion occurs commonly in patients with angina pectoris. 
With rare exceptions the left shoulder is involved Avlien there is left- 
sided radiation of anginal pain ; the right .shoulder Avhen there is riglit- 
sided radiation. Tliis shoulder pain is continuous, is not exaggerated 
by factors that usually induce anginal pain, but is often aggravated by 
sudden progress of the heart le.sion, such as coronary thrombosis or 
acute left ventricular failure. 

Such shoulder pain does not call for bed rest and treatment of the 
heart, but is relieved bj* local physiotherapeutic measures. At times the 
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Libman maneuver— firm pressure on the homolateral brachial plexus — 
brings about instant relief of this pain and limitation of motion. 

The mechanism of this shoulder pain remains obscure. Certain 
analogies suggest that the radiation of the anginal pain to the shoulder 
superimposed on a local slightl.y jiainful affection of the shoulder mav hy 
summation induce this painful disablement. However, the many other 
trophic and sensoiy disturbances that may occur in the left upper ex- 
tremity in patients ^vith angina pectoris, suggest rather that the chief 
factor lies in some reciprocal relationship between afferent impulses from 
the heart and sensitization of the neurones whose fibers go to malre up 
the brachial plexus. 

The site and radiation of anginal pain maj' be determined ly extra- 
cardiac lesions, such as abscesses of the teeth or spondylitis. In such 
cases the anginal pain may be experienced only or chiefly in the area 
sensitized by somatic disease. 

Conversely in the presence of peptic ulcer or of gall bladder disease 
the pain arising in the ulcer or in the gall bladder may follow the 
anginal radiation. 

Fitz-Hugh and Wolferth’s observation is confirmed that there are 
patients ^vith gall bladder disease, Avith reference of the pain to tlie 
preeordium and T-Avave changes in the electrocardiogram, in AA^hom 
operatiA'’e removal of the gall bladder is folloAA’ed by disappearance of 
preeordial pain and a return to normal of the electrocardiogram. 
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SIXTEEN YEARS’ EXPERIENCE WITH HEART DISEASE 

IN PREGNANT WOMEN 

Buktox E. Ha^iiltox, ]\I.D. 

Boston, Mass. 

T his is a l3rief revie\r of sixteen j^ears’ experience as cardiologist at 
the Boston Lying-In Hospital. There were more than 44,000 de- 
liveries, 850 of the patients being classed as cardiacs, during this period. 

Angus ]\IaeDonald of Edinburgh published a description of 29 preg- 
nant women with severe heart disease in 1878.^ I wiU quote a part of his 
first description. The patient was thirty-four years old, and had mitral 
stenosis. She had no disability until the seventh month in her first 
pregnancj’ when she caught a cold and liad congestive heart failure. 
This was cured bj^ a regime and digitalis and she Avas delivered success- 
fully at term. 

. . . She felt much better after her confinement, and suckled her child; and 
her health remained good till she became pregnant for the second time. Towards 
the middle of tliis pregnancy she became very markedly anaemic; her breathlessness, 
palpitation, and general discomfort returned, and her legs became enormously oedema- 
tous. About the end of the seventh month there was present general oedema, with 
cough and orthopnoea. I intended about this time to arrange for a consultation, with 
the view of deciding upon the propriety or otherwise of inducing premature labour, 
as Mrs. S. was now unable either to lie doAvn or move herself in bed, so much pul- 
monary oedema and general anasarca were present. But on the ISth of May, 1872, 
the patient, being near the end of tlie eighth month, fell in labour. The delivery was 
easy. I gave chloroform with some hesitation at first, but it was well borne, though 
the pulse was exceedingly wealv and very irregular. Mrs. S. did not improve much 
after the completion of labour. The anasarca and the dyspnoeic sjuiiptoms continued, 
and she Avas scarcely able to fake any food. Her condition remained much at a stand- 
still, however, till the morning of the sixth day after her delivery, when she suddenly 
fell back in bed dead. 

Before 1921 someAvliat similar cases furnislied almost 25 per cent of 
all the maternal deaths at the Boston LAdng-In Hospital. At this time 
the only convincing modern information on the subject tvas Sir James 
MacKenzie’s^ statements (1) that patients Avith auricnlai’ fibrillation 
did not do Avell in pregnancA", (2) that when cardiacs died in pregnancy, 
death was due to congestiA’e heart failure, and (3) that the earliest sign 
of heart failure was persistent rales at the lung bases. 

In the first three years of my serAdce, 72 patients vdth seA’-erely 
damaged hearts Avere deKvered. Eight died. TAA'elve of tliese had 
severe congestive heart failure as described bj* SlacDonald. Faced AAuth 
such AA’^omen in the last trimester of pregnancy, aa^c felt that for any Kbeli- 

Read before The American Heart Association, section on cardiac disorders, at 
Atlantic Cit>', N. J., June S, 1937. 
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hood of lasting relief the uterus must be emptied, Aceoxichement force 
had already been .shown to yield a high death rate in such eases. Eleven 
of the failing cardiacs were therefore delivered by abdominal hystero- 
tomy. It was found that (1) the patient .survived the operation, but 50 
per cent died days later; (2) there was no apparent marked amelioration 
of sjTnptoms directly following emptying the uterus. This method of 
treating heart failure in pregnancy Avas, therefore, abandoned, and 
per-sistent effort made to relieve the failure before attempting delivery. 
The results Avere better, but still 25 per cent of such patients died. For 
thirteen years emphasis has been placed Avhere it belongs on early 
classification, selection, and stubborn control of the cardiac in pregnancy. 

From the beginning aa'c haA'e used a A'cry simple dasaification based on 
direct examination of the heart and it has proA'ed to be .sound. The 
patients in the heart clinic fall naturally into three gi’oups : 

I. Those AA'ho hav'e unmistakable cA'idence of seA'ere heart damage, 
either (1) enlargement, or (2) a diastolic murmur, or (3) signs or hi.s- 
tory of heart failure, or (4) a dangerous disorder of the heart beat. 

II. Those AA'ho have less evidence of heart damage, for e.xample, doubt- 
ful enlargement, a .systolic mui-mur. 

III. Those AA'ith cardiac neurosis, N.C.A., or other perhaps disabling 
sjTnptoms, but no evidence of heart damage. 

Recognizable heart failure has not been found except among tho.se 
Avho could be placed in Group 1. TAA'cnty per cent of the Group I 
cardiacs showed some form of I’ecognizable heart failure during preg- 
nancy. So far as pregnancy is concerned, no AA'oman need be considered 
a “eai’diac” unle.ss she has the criteria for Group I. Of 850 such 
cardiacs deliA-ered, 781 AA-ere considered to have rheumatic heard di.sea.se. 
The remaining 69 fell into small groups that must be con.sidered distinct 
problem.s — congenital heart, enlargement AA-ith hA7)ertension, cardioA'aseu- 
lar s.A’philis, thAToid heart, blocks and other disordens of the heart beat. 
The prognosis and the nature of the dangers to be feared differ greatly 
in these groups. 

Ifow can ice subdivide the 781 rheumatic heart disease cases in respect 
to their prognosis in pregnancy? A natural .subdiA’ision of the Group I 
cardiacs appeared early in the study and has proA’cd its A'alue, namely. 
Group I cardiacs AA'ho have ( 1 ) already dcA'eloped recognizable heart 
failure, or (2) a complication in itself dangerous. The only common com- 
plication has proA'ed to be auricular fibrillation, and this is surprisingly 
rare. Only 18 cases haA'e had it either establi.shed or as a transient event. 
The maternal death rate Ls thirty-three and one-third per cent. Sir 
James Avas right, though he did not saspeet its rare oecui'rence. Only one 
out of scA'en of all the fatal cases among the cardiacs had auricular 
fibrillation at any time. 

Cardiacs classified as Group la Avhen first seen (on a basis of ptrevious 
congestiA'c heai-t failure) have had a maternal death rate of 16 per cent. 
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Cardiacs classified as Group I when fii’st seen have a maternal death rate 
of 3.5 per cent. Cardiacs classified as Group I Avho have not developed 
heart faihu’e and therefore changed their status to la during pregnancy 
have a maternal death rate of 2.3 per cent. Whatever other classification 
one may lilm to use, these natural groupings must be respected. These 
statistics give us something definite to tell our patients and to direct us in 
their care. They comprise all that is surely Imovm aiiout the prognosis of 
patients with rheumatic heart disease in pregnancy. It is reckless to try 
to state the risk for anj'. single ease witli accuracy. One can only guess a 
somewhat greater or less risk for the individual within these classes. 
j\Iinor differences in the degree of heart damage are not directly pertinent 
to the problem of prognosis in pregnancy. For one illustration : one would 
expect a liigher death rate where aortic regurgitation is added to mitral 
stenosis than with either valve lesion alone. But the maternal death 
rate differed only three-tenths of one per cent in patients with mitral 
stenosis with aortic regurgitation or vdth both, from the average death 
rate of all three. Patients with uncomplicated mitral stenosis differ 
greatly, of course, in their pathological signs and in their ability to exert 
themselves. But until they have developed auricular fibrillation or have 
already shovm congestive heart failure, tiiere are no clear subdivisions 
that appear to affect the jirognosis in pregnancy. Only 10 per cent of 
those diagnosed as mitral stenosis had early mitral stenosis according 
to Lewis’ standards — namely, a mitral diastolic murmur heard only 
after exercise with tlie patient recumbent. Some of these have had 
severe congestive heart failure. It is interesting to note that in the group 
with enlargement of the heart and no valve lesion diagnosed (52 cases), 
the death rate is 1.9 per cent. Nevertheless, these patients we still be- 
lieve have deserved Group I cardiac care. The 1.9 per cent death rate 
has been in spite of such care. Congestive heart failure can appear and 
has appeared in this group. 

Leaving now the question of prognosis — how do the cardiacs die? 
Sixty per cent of the deaths, before the last four years, were in and 
from congestive heart failure alone. Twenty per cent more died in con- 
gestive heart failure with some other important factor — for example, 
embolism, sepsis, ruptured appendix. Recognizable heart failure in 
Group I cardiacs in iiregnancy has appeared as follows : Five only 
had the symptom of angina. All five of these had rlieumatic lieart dis- 
ease with aortic regurgitation. Five had parox.vsmal dyspnea. These 
had either aortic regurgitation or severe hypertension. No case witli 
imcoraplicated mitral stenosis has had proxj^smal dyspnea. There liave 
been no sudden unexpected deaths attributable to the heart. Emboli.sm 
from intracardiac thrombi was diagnosed onI.y tivice (both recovered), 
except in cases with bacterial endocarditis. As Sir James noticed, lieart 
failure in pregnancy appears as congestive heart failure. Though the 
incidence of heart failure has not greatly diminished with improved care 
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and niurkcdiy loUf/cd itiuti-r/ial ninrtalUy, it haa? fduuiif' d iU ntvx'^-i: , 
(joiiyei^Uva hfarl faihir*' nu aii-J'fri Ua- p.-ak'-nf >h'^-"rshv4 l/y ’far. 

Doiiald, but an abni's'-ii faibiditii'ad ruridilaai by t.L': i'SjiriU'i'ny 

jdiv.sieiait. Th>* Jiia}<,:rnal nmnaiity ni all vr.ut had ra ar? 

i'iiibira durin-r jirr'/iinn'-y t«.>ri(Sf rh v.iv- -■•< p' r It i-i IsA*/.' h i--* r 

cf.’jit. J.lcart failnri: i-^ no' niu:! i! JL'-'-d 'o n.-, d ;n‘ '‘.f'-t sa .'lan-! .Ktyu if 
])i.'rs-iKl(‘nt rales at thi- Inntr !!;£*.•>;. Thejv i-avlj' r '-icn-, (4 fanntv-- 
ditninislied vital eap.-udl}’, ibi'iVrr','-; .‘dtris, aral |or/.-are,^ rarely, hoa'vrr-' P 
veiifnis jirf--£e:n‘i', but, they ;'!*'•• not ri halne, 'U'.V'- tra-*! ns fsiany "Sj!} '. 

to i',Stnl,i!iK!l «<>!!!(.' useful e.'ir’j-T rriterioi:, b;-; :;’i v.r nhV: In add 

to Sir nt *>;*• ’Aord ‘'r< lisjb!*-.'' 

WliJiI ntaic'.-.s hf.’trt.e fad it» ]U‘! inunn-y * Jt r*. P/r i-. n!'.>';ae:aa 

fafc'd ^\ilh a vurdiar tUitb-nl oaldy its yrfs?iu:?s<'v. or m'it, snnbfsuv pn.y. 
li;U!(':y, to direr-t hi'^ attention to tiiv o-;ta--'d->n, tin; 'aosto-.n stand 

dclivurv atifl tint strain of lal.etr;'" And iiid’.'od thorc 4: jn'-.i:n;'atior: f.-r 



f";::. 1. 


this ill tliat 75 jn r crtst of tiio jiraths rjHony ilso ojirdhsov ir; ‘b.c 

.short period of tiie I'lsorinTisnn. Only 2.'* pvr ornt din dEsriny the nsonttss 
of prettnanry undelivered. The ae-tunl load ui prf ntsnney on the ciretda' 
tion shov.'.s dearly fluriu" the fir.^t t'.vo-third.f of th*- Last t:-im*;stor, tise 
Idood vis(‘o.sity and tlse hematoonl f/nun'S frJJ. ami th'-ts ri.m .sharply dur- 
ing the last ftnv •weeks bjci'ore term, to eonlitnt!; the to normal nf*r-.'“ de- 
livery with no abrn]>t ehanoe nt the litne of dE-livt-ry. Sitnihitly the total 
blood volume and the caia3i:!i.: output rise and falk Most important of 
all, liie time at v.'hieh re<.’oa'nizable hc.-.rt fatluro has dirneally apiteared 
in iireynmney a?rees with lhe.se indireet ob.si-r vat ions, ' Failures eluster 
in the la-si part of the sixth and in the seventli nui} eidath liumtle;, 'Tfsey 
rarely begin in the hi.st few we*eks. In only four or live easos has failure 
appcai'cd lor IIk; first time duriiiic or following Ihe strain of lal^ir and 
cleliveiw. Delivery and its after efiVets tij-ipear in the study oi those 
cardiacs who die in the pnerporium as a good-sized last stravv. Delivers* 
will not put thorn into failure nor lull tliem unlc.ss they are already htilf 
dead. 




HAIiIILTON: HEART DISEASE IH PREGNANCY 


559 


This is a remarkable fact. This actual load of pregiiancj'' should be 
\dsualized whenever we face a Group I cardiac earl}- in pregnancy or who 
is contemplating pregnancj’’. Furthermore, in individuals the load of 
pregnancy shows itself, so far as we are able to find it, at varj^ing times 
and in varying degrees of severity’- during the dangerous period. This 
great, varying and inevitable load of course makes it impossible to 
predict early in pregnancy how anj’’ heart will behave, except in a very 
general sense, by reasoning liaelavard in the light of long experience 
with clearly defimed groups. B 3 * no refinement of examination or effort 
test can we rightfullj’ expect to determine that this or that patient vdll 
not develop failure. We can anticipate the coming load and make allow- 
ance for it in the regime of the patient. By routine weeklj* examina- 
tion — ^long made a rule — ^^ve can watch for and detect failure early and 
treat it adequately. 

Though the failures that occur in Group I cardiacs cluster at the 
time when the load of pregiiancj^ on the circulation is heaviest, determin- 
ing causes for the onset of individual failures stand out if we take case 
histories carefuUj^ The same causes occur again and again: (1) Fa- 
tigue. One cannot put too much attention on the causes and effective 
prevention of this vague but vital factor. The commonest factors in 
fatigue are long shopping trips, moving, opening and closing sununer 
homes, entertaining, siclmess in the famiB’’. Sudden imusual exertion 
is a rarer cause. ( 2 ) Eemovable indirect loads on the heart. Overeat- 
ing with gain in weight, excessive fluid intake, anemia, chronic infection 
such as oral sepsis, aU can be shoAvn to be common and real factors in 
the production of failime. These factors can be elnninated. The un- 
portanee of this aspect of the problem cannot be exaggerated. It is un- 
fortunate that it eaimot be effectivelj* descrilied in brief. 

The Role of Intercurrent Infections in Producing Heart Failure and 
Death. — Eveiy patient has some land of respiratoiy tract infection dur- 
ing the nine months of pregnancy or puerperium. If such patients 
continue to work, a certain number of them show signs of congestive 
failure. If they go to bed at the onset of the illness, notliing happens. 
Undoubtedly a severe epidemic such as occurred in 1918 and 1919 would 
plaj’^ havoc with the cardiacs in pregnancjq but the epidemics, ui the 
sixteen jnars that we have followed these cases, haAm been mild enough 
so that no death could be directly attributable to them until one death 
. during the last year. Onlj’ one has developed pneumococcus pneumonia. 
This was in the inierperium. She recovered. 

I have discussed these rheumatic heart disease eases as though their 
heart disease Avere stationary, and indeed it so appears. In only seven 
instances have we heen tempted to diagnose active rheumatic disease in 
a pregnant ivoman. These AAnre mild affairs. This statement challenges 
discussion, but it can be abundantly supported. Of course, eases can 
be found in AAdiieh , an indiAddual, starting AAnth rheumatic disease in 
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childhood, continues to have recurrences long into adult life and until 
death. Such case.s ma}" have had pregnancies. We find occa.sionally an 
individual followed through succeeding pi’cgnaneie.s, with at first nothing 
but a .s 3 ^stolic murmur, .vears later a mitral diastolic, and later, an aortic 
diastolic murmur. Such ca.ses are pleasingly scarce, do not these 

women develop active rheumatic di.sea.se during pregnancy? They are 
not the survivors of a group of rheumatic girls fol loured from the begin- 
ning of their di.sease. Thej' are taken from the whole eommunit 3 ' — dis- 
covered among pregnant women who report to the hospital because they 
are pregnant and not becau.se they luu'e heart disease or j-heumatic di.s- 
ease. Onlj’’ 50 per cent have an adequate historv of having had rheu- 
matic disea.se. According to our pre.sent conviction, the.v must have 
had it, but perhaps in. a eomparativel.y jnild form. In the 50 per cent 

TEARS 



Fik. 2. — Vpp'ir reprc-=c-nt« matc-m-'il mortality in congfartivo hr^irt failure 

^'-nt cardiacs delivered, Ivowcr curve (interrupted iine) repre.senti maternal 
mortalitj' from cau«es other than heart failure per cent cardiacs delivered, 

that have an adequate history of rheumatic disease, the average age at 
clinical onset of the; disea.se wa.s thirteen and one-half ,vear.s. The 
average age of the Group I cardiacs in pregnancy is heUvecn Uventy- 
seven and twentj'-eight j'ears. It has been a constant surpifse to us to 
see evidence of activit}' fail to appear. TJie inference i.s that if one think.s 
of rheumatic disease as seen in medical clinics and, perhaps, at post- 
mortem studj', one may have an exaggerated picture of its per.s}.sl(jnce 
and frrulence in the adult with chronic rheumatic heart disease. 

To return to the prognosis of a Group I cardiac patient in pregnancy. 
It would appear from all this that after eliminating the elearfr bad risks 
such as described under Group la, it .should be po.ssible to prevent deatb.s 
in congestive failure among Gi'oup I cardiaes b\' regimes designed to 
anticipate and allow for the load of pregnancy and to prevent the in- 
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cidental deterniiniiig factors. And, in fact, deaths from congestwe heart 
failure in pregnancy have been eliminated in this clinic. 

There appears to be left a constant minimum death rate of probably 
close to two and one-half per cent for Group I cardiacs in pregnancy, 
due to causes other than recognizable heart failure — a death rate ten 
^ tiriies higher than the death rate of normal women, as follows : 

Just under one per cent of the cardiac patients have sliomi bacterial 
endocarditis. 

Just under one per cent have had fatal pulmonarj^ embolism. Cardiacs 
are either more apt to have embolism from venous thrombi or less able 
to sur\dve them, or both. The incidence is many times higher than 
among normal women. 

Five patients among the first 750 Group I cardiacs delivered died of 
puerperal sepsis. Only one of tliese deaths occurred in 600 individuals 
delivered from below (four-tenths of one per cent ) ; four deaths occurred 
in 150 delivered by abdominal hysterotomy (two and seven-tenths per 
cent) . 

JIoiv Shall We Deliver Our Cardiacs ? — Though early experience 
showed that emptying the uterus by abdominal h.ysterotomy did not cure 
the failing heart of a mother, it did show that even the worst cases sur- 
vived tlie immediate strain of operation. For years we were afraid to 
let the worst eases go into labor. Improved medical care for the bad 
risks, a very high infant mortality if delivery occurs before the last two 
or tlu’ee weeks, the drop in the load of pregnancy during tlie last few 
weeks, with the removal of the reasonable but false preconceived no- 
tions that the load increases steadily till term — all these have led us away 
from the temptation to deliver patients wlio are bad risks b.y abdominal 
hysterotomy before term. And in an attempt to lower the death rate 
from sepsis in the next sixteen 3 ’ears, we are nov^ tiding to avoid ab- 
dommal hysterotom}’- at term for cardiac indications alone. Shall we 
have therebj’’ a greater number of deaths from heart failure provoked 
bj^ labor? Onlj’- time can tell. Labor can produce heart failure in 
cardiacs, I have seen it do so — ^liut the present feeling is that cardiacs, 
even sick cardiacs, stand labor surprisingly well. 
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PUmiONARY VALVE^^t 

Johnson ]\IcGuirk, M,D., and Ronald J. McNamaka, ^I.D, 

Cincinnati, Ohio 


N THE past, inaDy experienced clinicians and patholof^ists have con- 
sidei’cd pulmonary insufficiency as exceedingly rare and its clinical 


recognition unusually difficult. 

Our experience in the wards and at the autojisy lahle of the Cin- 
cinnati General Hospital during the past few years has afforded con- 
vincing evidence that pulmonary insufficiency is i-elatively common and 
that the diagnosis in cases uncomplicated by oilier valvular lesions can 
usually be made during life if one bears the s.vndrome associated with 
this disorder in mind. Consefjuently we shall describe the clinical char- 
acteristics of certain of the cases we have had opjiorlnnity of observing 
during life and of pi-oving at autopsy. 

Probably the first refei'cnce in medical literature to a lesion of the 
pulmonary valve was made by IMorgagni who presented in his treatise 
“De Sedibus et Causis lilorborum,” a ease of Valsalva’s of a young 
girl “who from birth had experienced great debility, and difficulty of 
respiration, and the surface of whose body was of a livid tint. The 
heail was small, and the relative .state of the ventricles was rever.sed; 
for the right had the usual form of the left, and the left that which 
usuallj’ belongs to the opposite cavity. The capacity of the light auricle 
was twice that of the left; and its parietes were doubly ficsliy. . . . The 
semilunar valves, at the origin of the pulmonary artery, were slightly 
ossified, and so united together that only a small foramen, .sufficient to 
admit a lentil was left between them; and at this foramen, .small and 
fieshy membranous productions existed, and were so placed as to act as 
valves, yielding to the blood as it proceeded from the heai-t, and resist- 
ing its return.”^ 

The pathologi.sts of this period apparently realized the infrequency 
of lesions of the pulmonary valve, as Corvi.sart is .said to have .stated that 
!Morgagni -was the only author who Iiad observed this condition. 

In 1832, James Hope- after an able de.scription of aortic, mitral, and 
ti’icuspid vaRnilar lesions remarked, “I have never seen the latter [pul- 
monic valves] diseased, but I have once found them incapable of closing 
the orifice in consequence of dilatation of the arteiy," 


„ of Internal lledicine .'intl the Departtnent of Patholocy of 

the Tjniver.s)ty of Cincinnati and the Cincinnati General Hospital. 
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Present pathologists are in agreement that pulmonary valve 
lesions are uncommon, especially tliose of an acquired nature. In an 
exhaustive survey of the German literature, in 1931, VellgutlP con- 
cluded that valvular insufficiencA* of the pulmonary orifice AAms extraor- 
dinarilA'’ rare, and cited Pinkelstein and Schultze, who found four cases 
each of pulmonary valve deficiency in 335 and 909 eases, respectively, 
of heart disease. Herrmann'^ foimd fir'c cases in 4,776 autopsies at the 
Charity Hospital in New Orleans, all five of which Avere apparently 
rheumatic in origin. Of 24,000 consecutive admissions to the Jolms 
Hopkins Hospital, Hirschfelder^ foruid only three cases shoAAung signs 
of puhnonaiy regurgitation. 

Various classifications of pulmonary insufficiency have been sug- 
gested by different authors, but no uniform etiological gi’ouping is as 
yet established. "White states that the lesion may be associated AA'ith 
mitral stenosis; chronic failure of tire left ventricle with pulmonary 
A’^aseular congestion and hjqrertension ; chronic lung disease giving rise 
to the same mechanical condition; chronic obliterative pulmonary end- 
arteritis ; congenital defects of the puhnonaiy Amlve giving rise to hjqier- 
tension; perhaps AAdde patency of the ductus arteriosus and acute or 
chronic endocarditis of the pulmonary valve itself. Vaquez classifies the 
cases into organic and relative insufficienc5^ 

Since the material at our disposal seems better adapted to this termi- 
nology, AA’^e have accordingly divided our cases into tAA-o groups 

I. Organic Insufficiency: 1. Rheumatic 

2. Bacterial 

3. Syphilitic 

II. Relative Insufficiency : 1. Dilatation of the puhnonaiy artery sec- 
ondary to pulmonary arteriosclerosis 

2. Mitral steno.sis 

ORGANIC pul:monary insufficiency 

1. Rheumatic Endocarditis of the Pulmonary Valve 

The occurrence of the rheumatic type of lesion is quite uncommon 
according to most authorities. Libman^ in 1923 stated that in his series 
of cases up to that time the pulmonary A'aHe “Aims not found affected 
in any definitely proved cases of rheumatic fever.” PojTiton and 
Schlesinger^ in 1931 stated that . it is exceptional to find vegeta- 
tions bn the pulmonary valve,” though they added that ”up to the 
present so little attention has been directed to lesions of the pulmonary 
A’alve in actiA'e rheumatism that their presence may have been oA’er- 
looked.” Thayer^® encountered lesions of the pulmonary valve in one 
of 24 eases of rheumatic endocarditis. 

*No congenital lesions of the pulmonarj' valve were seen, probably owing in 
great measure to the fact that children are not admitted to tlie medical wards. 
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However, in 30 eases of i-lieninnlic heart disoaso wleeted n1. raii<loin 
from the files of the Deparlmeni of Fsd holoi^y of the ffineirmal ( fO-ri- 
eral Hos])ital lesions of llie ])u!monary valve were found in^ M. In ad- 
dition to mieroseopic lesions considered lo he dennilely rlieinnalie, in 
these eases and similar to those descrilicd hy Kuuel and Kpsteitd- there 
was gross deformify of the valve in lliree eases silffieient to produce a 
regurgitation at the orifice. 


Cask \.—Sninm<n'y: Hhninutlic > iiflo.-nnlitit tifffi'liiui nH voh'jt. tC \V., ti sis- 
tfon-your-old coIi.itmI nuilc. wik jj.tnntted <-oin])tn)nia5J nf ’ne ri' v.ti^ 

a history of St. Vitus’ ni the up' of eialit y.-ars. pysjujea an.! jiulpitution 

.Jcveloiic'l following o.NCiti<in ami oxiiosure to ruin. Altlmugh fio- cliaraft.iivti.' 
physioul signs of a /loulho mitral lesion wer.;- j.r.-seiit, ..ne .•xamiiier m.mle ti.e .Hag- 
no,«is of relative pulmonary instiirn'icney heenuse of "a long i!i:i..toIie murnoir .'e-cmii- 
panicil hy a .liaslolic thrill j.res.mt over the pulmonary nre:i .an'! ti.ansmitt.'.l .hiwn 
the stcrmiin with a loml juilmonary si'.-oml ..-onml.'’ A e.vainin.-r rig^ree.i 

h(!cau.‘=e of the diastolic murmur in tlie third left int'-rspin-e v-ttlioTi! jwripln ra! 
of aortic insuffivieney. Blood pressure \v:\< B'.-i/TO. Kleeiroee.fdiogratn showed rig’nt 
axi.e deviation and aurieiilar tilirillalion. X ruy tllm.s showdl tie' heart I.-, he cr.hirg.-d 
in till directions, esjieeitilly in the region of the left \..-ntrtch'. Hem.igh.h'm was let 


j)Cr eent. 

Antop.sy r.fvcakvl gross .stemisis in .some degree of all four heart valv. s. Bceaijjc 
of the thiekening a.nd contraethm of the pulmonary valves and nleictn:.' f.f p.-riphertt! 
signs of tiortic insutlleieney it seems logii-al to helievo that the dinston.* ;nur.'’n!:r may 
have been of pulmonaiy origin, idthough the aortic lesion frtnnnt he entir.'ly disre. 
garded. ^^i^;ros(•o^lieaIiy no«activn rheiinmtie, le.cior.s were fotnal anywhere in the 
heart hut there was siihsiding activity tlirougho'.it the >-uh3{i!iu’e t.f the s.-;.rred 
pulmonary valve. 


Cask 2. — Smnmnry; llhmmotic indornrdilis nfft-t-lin;; nil ro/c'.'. X. It.v a thirty* 
two-ycar old white woman, was admitted l.ecaiise of severe congestive he.art f.ailurc. 
The i.atifuit stated that she had suflered with heart trmihle .''iiscc an attaek of risen 
matic fever at the ago of eleven. She fir.‘t eomph'-ined of {.alpitaf ion, tiien .‘-hort- 
nc.ss of breath and cough. The patient wa.s ortliojnicie and cyaiio’.ic; the p:jl«' 
irregular, rate 310; Idood pressure 12S/7d. The heart measured t.rt hy l.l cm. to 
percu.^sion. A diastolic murmur was heard along the left sterna! hor>!er. P, was 
accenluatod. A rough diastolic miirnuir was also liear.i h.'low an-l outside the left 
sternal border. At the tricuspid area a soft .systolic murmur was mde-d. Tiie liver 
was enlarged and pul.snted. X'o improvement followed trmtment and the patient 
died forty-oiglit liours after admission. IJU'etroeardiogram showe-l right axi.s devia- 
tion with negative T, and T.. 

At autop.sy acute verrucous emloearditis of the pulmoiuiry valve wn.s found. The 
verrucae were grossly vi.sihle. ^licros.tO}>icaI!y, this ease revealed tv'piea! rheumatic 
pancarditi.s witli fresh rheumatic lesioim of all of flie lu-art valves. 

Case — Snmmfinj; Rhaunatir mdorarditi;; nffnrtir.rj all rnlns. J. If,, a twenty- 
fjye-ycar-ohl wliite laborer, laid laid dy.spnea and ankle clema for four years l*eforo 
his death. Tlie physieal findings were characteristic of mitral stenosis am! aortic in- 
sufficiency. 

At autopsy rheumatic pancarditi.s wa.s demonstrated, all valves being definitely 
affected. There was marked thickening and refraction of the cusps with .stenosis of 
the pulmonary valve. XPcroscopically, the pulmonary valve revc'aled marked thick- 
ening focal fibroblastic proliferation am! .=earririg. with cellular infiltration ami 
vascularization. 
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2. Acute Bacterial Endocarditis of Pulmonary Valve 

Acute bacterial endocarditis of the pulmonary Yalve is stated to be of 

more connnon occurrence. In an analysis by Pitt^^ of 109 cases of pul- 
monary Amlve disease, 60 were due to infectious endocarditis. In the 
studies of Thayer^” on bacterial endocarditis, the pulmonary valve was 
involved in the following proportions : Gonococcus, 6 of 21 cases ; strep- 
tococcus, 2 of 34 cases; staphylococcus, 4 of 20 cases; pneumococcus, 1 
of 40 cases. 

Case 4. — Suvimarif: Acuic hacterial endocarditis of pulmonary valve (gonor- 
rheal). J. B., a colored male, aged twenty-eiglit years, entered tlie hospital because 
of acute intestinal obstruction which resulted from adhesions following repair of a 
gunshot wound of the abdomen. The patient had acquired an active gonorrheal 
urethritis a month before admission. Following a successful operation he ran a 
low grade fever for twenty-one days, then signs of pleurisy and consolidation of the 
left lung base developed. The following day soft systolic and loud diastolic murmurs 
were heard over the pulmonary area. The diastolic murmur was also audible but 
fainter in the second right interspace and along the sternal border. A. was equal 
to Pj. Blood pressure was 120/70. X-ray film of the heart was negative. Electro- 
cardiogram showed sinus tachycardia with low voltage of T-waves in Leads II and 
III; negative T,. Two blood cultures were negative. The patient ran a down-hill 
course with symptoms and signs of sepsis and pulmonary infarction. Death occurred 
after ten weeks in the hospital. The clinical diagnosis was gonorrheal endocarditis 
of the pulmonary valve and possibly of the aortic valve. 

At autopsy, bacterial endocarditis of all four valves was found. The pulmonary 
valve was so extensively involved that the pathologist recorded ''pulmonary valvular 
insufficiency. ’ ’ Gram-negative and positive rods and streptococci were found in the 
post-mortem blood culture. 

Case 5. — Summary: Acute hacterial endocarditis of pulmonary valve. K. A., a 
fifty-five-year-old white female, developed weakness, diarrhea, loss of weight, and 
vomiting during two months preceding admission. Examination revealed pallor, 
marked purpura, and temperature 102° F. Systolic murmur over the sternum with 
split pulmonary second sound. Bed blood cells numbered 2,000,000, hemoglobin S gm. 
Urine showed occasional red blood cell, albumin 4 plus. Blood culture was negative, 
blood urea SS. The patient died forty-eight houi-s after admission. 

Autopsy showed the pulmonary valve leaflets to be completely destroyed by vegeta- 
tions. The organism was not identified. 

3. Syphilis of the Pulmonary Artery 

The incidence of syphilis of the pulmonary artery is extremely un- 
common. In 1933, Karsner^^ accepted 11 cases anatomically proved by 
reasonably liberal interpretation. Brenner^"* in 1935, stated that records 
of 65 cases of syphilis of the pulmonary artery w^ere found in the litera- 
ture but that in only 14 of these could tlie diagnosis be taken as being 
reasonably well established. 

Syphilis may affect the pulmonary artery as a productive cicatricial 
lesion like the form common in the aorta, or it may be manifested by 
the formation of gummata. The proliferation type of lesion of the pul- 
monarj' artery shows essentially the same changes as those observed in 
syphilitic aortitis, and usually only the main trunk is mvolved. 
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Case G.Suiinmmj; SuphUitic arUriln, jmimvmru artery and aorta. P. F., n 
normally developer! ami poorly nourmlanl married wfiTOrB of nhont forty-five year* of 
age, was admitted to tlm Cincinnati General Hospital Xov. 3, I!'."!, biamowi of con- 
gestive licart failure. For about three ycttrs prior to admission .‘•lie had j/otieed 
occasional attacks of palj.itation, efi'ort dysjmea, infrc<i«erit atfaekx of nocninin! 
dyspnea, and slight stvclHng of the fcH and ankles. Her general health had been 
good prior to three months before entering the hospitid. Them v.as no instory' fug* 
gesting congenital heart disease, rheumatic fever, or sypliili.?, J/xainiijation rc”. f .ilwl 
orthopnea, cyanosi.s, and depcmlent edema extending to ahoiit t!ie level of the 
umbilicus. The coTYical veins wore engorged and pulsating. The pu1j»i!.« were efju.al 
and reacted to light. A tracheal lug v.-as j-re’^'-nt nml vi.«il)lc puhatioris were note*l 
in the epistcrnal notch. The bony framevvori; of the ehest v.n.s proinincnt and the 
apex boat iva.s vi.siblc in the .'•i.vtli left inferco.stal .sjiace about 14 cm. from the laM- 
.stornal line. In tiic second and third intersfinces on the left them was a visible 
and forceful pulsation c-Xtending 4 to d cm. to the left of the midsternal line. Ko 
abnormal pul-sation-s were present to the right of tiie ,«fernuni. Over foe pulmonic 
area, in the region of the visihlo pulsation, a hnnsli ,':y.«tolic murmur nnd .a blo'-visg 
diastolic murmur were of maximal in(m)<;ity. Over the .aortic area .and .'it the apex 
sy.stolic and diastolic murmurs were audible but of less intensity timn ilie murt.nurs 
over the second left inier.spacc. The cardiac rate vvas 40 :it the .ajiei and at the 
wrists. The rhythm wa.e irregular. On the right the Vdood jiriwsure wa* j42/t;0, on 
the left 382/DO. 3Sio capillary jml.s.ation wa.s seen and the pulse na.*; not of the 
Corrigan type. Diiroricr.hs .sign was absent. The heart mra«‘«red libo em. in the 
fifth interspace. Conge.=(ive rides were present over i>oth bases, and the tinji, {/-ndrr 
liver edge was easily palpable o fiiigerbrcadths below the. costal margin. The re- 
mainder of the examination was not remarkable except for rh-pemlent edema. Hloe-d 
tVassermann reaction was strongly po-itivo. Kmi Meo,d celb Wf-n- tyiO'hOOii, 
hemoglobin was SO per cent, white Idood cells numbered 0,800. Klevtroertrdlogratn 
.showed right axis deviation; complete A-V di.'^'ociafion ; T-wave.s of low volt.age in 
all leads. iC-r.a}* films showed the heart to be markedly enl.arged in all diroctioriS, 
The aorta was enlarged Imt shotved no aneury.'-'mal dilaf.atiori. On ihc left n large 
shadow was suporimpo.scd over the .aorta in the region of the pulmon.ary artery which 
Hr. Hugo J?oc.‘ler" of Philadelphia iderifixied as an nneury.^m of ti-.e pul-nonary 
.artery (Fig. 1). The last admission was necessitated by extreme dy,«pnea and pre- 
cordia! pain and the heart sounds became weak, the respiralions .•^low and the patient 
died quietly. 

Anatomic.ll diagtiosis: Syphilitic pulmonary art(‘rifi.« with ililalatinn of the pul- 
monary artery fpubnonary valve 300 mrn, at orifice, nortic valve So mm. at orifice); 
syphilitic aorfiths (clinically nortic and jiulmonary insufiicieney) ; svphilitic cirrhosis 
of the liver; thickening of the pulmonary and aortic valves; cardiac hvpertrophr 
(900 gm.). 


REbATIVlv m.yiOKARY INSUITICJENCV 


Relative instiffieieney of the pulmonary valves is most t-rerptcfill.v .sec- 
ondary to increased intrapulmonary pre.s.sure .secondary to mitral steno- 
sis. Such insufficiency may be permanent or leinporan'. In eiliier 
event the resulting dia.stolic murmur fs called the Graham Steele mur- 
mur. 


Pulmonary arteiao.solero.sis may likevvi.se be a.ssociated vvitli inerea.se 
in intra pulmonary pre.s.sure, and relative pulmonary insufficiency. 
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Tlie incidence of pnlmonary arteriosclerosis is considered to be ap- 
proximately that of systemic arteriosclerosis thong'b nsnally tbe process 
is not so seYere. Tins is the tyiDe -wliich is part of tlie picture of gen- 
eralized vascular atherosclerosis and which does not cause any obvious 
harmful results. If, however, the extent or situation of the sclerosis 
causes obstruction to the circulation through the lungs, dilatation and 
hypertrophy of the riglit heart will occur, with subsequent signs and 
sjuiiptoms of myocardial failure. This type is Imovm as primary pul- 
monary arteriosclerosis, or arteriolosclerosis, and is considered to be a 
rare condition. MacGalliutf® found one ease in 12,000 autopsies. Ac- 
cording to Brenner^^ there are 16 cases in the literature which can be 
accepted as fulfilling the criteria for diagnosis. 



Pig. 1. — Case 6. Teleroentgenogram showing prominent pulmonary conus and 
branches of pulmonary arterj’’, dilated aorta, and cardiac enlargement. 

Karsner^^ divides pulmonary arteriosclerosis into primary, in which 
the arterioles are involved and in which marked hjqDertrophy of the 
right heart is present without demonstrable mechanical or fimctional 
cause on gross examination, and secondary, in which the sclerosis is sub- 
sequent to chronic diseases of the heart, limg, and pleura. The lesions 
of secondary puhnonary sclerosis appear principally in the main stems 
and larger branches of the pulmonaiy artery. 

1. Pulmonary Arteriosclerosis 

Case 7. — Summary: Systemic and pulmonary aHeriosclerosis and arteriolosclerosis. 
Tj. H., a forty-four-year-old white housewife, was admitted to the Cincmnati General 
Hospital. in. March, 1935 with the complaint of extreme shortness of breath. Effort 
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dyspnea occurred for the firnt time in lO.'Jl. There wuh tl.e l.istory of RrouiuK {«i«K 
in childhood, and polyarticular arthritis eight years before, following the hirlh of b>*r 


tenth child. 

The significant findings were; temperature 0<>.2, pulse resjiirations 25, blood 
pressure 100/120, orthojuiea, moderate cyanoHi.s of longue, lijis, finger.s, iind skin. 
The lungs showed many medium moist rfiles at the bases. The heart width ineaMired 
18.0 cm., the thoracic* width being 81. The pulse was slightly irregular at lime- 
(exlrasystoles). One examiner reported the clas.'-'ical signs of moderately advanced 
mitral stenosis at tlic ajiex lieciuise of a rnmliling din.stolic imirrmir a? the apex. 
Tlii.s murmur was inconstant. 1\ was louder than A, and was split at the auitic arcii. 
Xonc of tivc peripheral signs of aortic insiiflicieiicy such as DuroziezV sign, eapilhify 
pulsation, or jiistol-shol sounds were present. X-rny films showed “great enlarge, 
ment of tlic left auricle and pulmonary conus. Pulmonary artery Is {lurtieularly 
visible. Ciironic mfiltrativc changes in both hilar legiims'-' (Fig. 2). Flunrorcnpy 



FIb. 2. — Case 7. Teleroentgenograin eliowinp marked proniinenre of puhnonarv conus 

and c-irdiae onlargenient. 

showed the violent pulsations of the hninchc.s of the puhnonury artery in the Jiilurn 
characteristic of pulmonarj- valvular insutiiciency. ElectrcKiardiogrurn showetl right 
axis deviation; diphasic T. and T.. Re.d blood celi.< numbered .5,800,000, hemoglobin 
was 90 per cent. The patient improved rapidly with digiialhs and resr and was 
sent home. Subsequently she was readmitted on three oecasion.« because of d\-spnc.a 
and edema. On the last admission she died suddenly and unexpectedly. The clinical 
diagnosis was “pulmonaiy valvular insutiiciency, probably organic.” 

Autop.sy: Heart weight 57.5 gm. Pulmonary orifice dilated, measuring 9.5 mm 
the aortic valve measuring 70 inra. Myocardium of the right ventricle groatlv 
hypertrophied. Marked atherosclerosis of the puhnonarv nrterv. Thrombi present 
m both branches of the pulmonary artery. The failure of the right ventricle in thi.s 
case may be attributed to a combination of factors, chronic failure of the left 
rentmle with pulmonary congestion and an incrca.sed right ventricular strain, verv 
possibly a.ssociated until imlmonary hypertension. 
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Case 8— Summary : Primary pulmonary arteriolosclerosis. P. O’H., a forty-two- 
year-old white male, was admitted with a productive cough of ten years' duration. 
There had been dyspnea on exertion for six years. The patient had been deaf and 
dumb since birth. Examination showed C 5 mnosis, moderate cardiac enlargement, 
systolic murmurs, and thrill maximum in third left interspace. was accentuated. 
Electrocardiogram sliowed right axis deviation. X-ray films showed prominence 
of the pxilmonary conus with cardiac enlargement (Fig, 3). Bed blood cells num- 
bered 4,500,000, hemoglobin was 80 per cent (Sahli). Clinical diagnosis: Congenital 
pulmonic stenosis; lobar pneumonia. 

Autopsy : IJnresolved lobar pneumonia with empyema ; pulmonary arteriolosclerosis 
mth right ventricular hypertrophy and dilatation. The pulmonary valve orifice 
riieasured 115 mm., the aortic 60 mm. 



Fig. 3. — Case 8. Teleroentgenogram showing prominent pulmonary conus and 
dilatation of branches of pulmonary artery in right hilum. There is moderate 
scoliosis. 

2. Mitral Stenosis With Graham Steele Murmur 

. Case 9. — Summary: Mitral stenosis with dilatation of pulmonary artery. B. D., 
a forty-six-year-old white male, gave the history of dyspnea, cough and weakness fol- 
lowed by edema of ankles over a period of five years. There was moderate cardiac 
enlargement and the characteristic signs of mitral stenosis. A long, blouing diastolic 
murmur was heard along the left sternal border, maximal in the tliird to fourth inter- 
space. Blood pressure was 100/80. There was absence of peripheral signs of aortic 
valvulitis. Electrocardiogram showed right axis deviation. X-ray films showed 
straight left cardiac silhouette and enlargement of the right heart. Clinical Diag- 
nosis: Mitral stenosis with relative pulmonary insufBciency (Graham Steele murmur). 

Autopsy: Cardiac hypertrophy, especially of the right heart; mitral and aortic 
stenosis; dilatation of pulmonary artery and pulmonic orifice (90 mm.). 
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SUMMARY 

The pathologicfil and dinieal features of 9 cases of pnlrnoiiary m- 
sufficiencj^ have been presented. The lesion is ordinarily considered 
very unusual, yet 4 eases liave been observed in tlie Cincinnati General 
Hospital within the past year. 

The etiological factors found in lids .series of eases ^vere: llhemnatic 
fever, bacterial endocarditis, pulmonary .nrlerioloselerosis; systemic and 
probably pulmonary byi)erten.sion ; sypbililic pnlmonaiy aiTcritis. and 
mitral stenosis. 

In all the cases caused by rbeumalie fever there v,ere clinical signs of 
involvement of more Iban one valve, L(,‘sions of all four valves were 
found at autopsy in each ea.se. The pre.sence of roultijjle valvular 
lesions makes the diagnosis of ])nlmonary insnfiicienev very diiticvdl. 

There were no symptoms in our cases cluiraclcristie of p\iImonary in* 
sufficiency per se. The .sym])1om.s depended nj?on the esi.sling di.seasc 
process and the degree of myocardial insufficiency. 

The clinical features cliaractori/.ing ijulmouary insufiicieney were a 
diastolic murmur in the second left intcj'simee tjnn.smitlod low.'irds the 
axilla, accentuation of the, pulmonary second somid, prominence of tlie 
pulmonaiy conus, marked pulsation of the liihrm vc..s.s'e].s, and riglit a.vi.s 
deviation of the electrocardiogram. 
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AN UNUSUAL CASE OP AURICULAR PARASYSTOLE SHOWING 

“EXIT” BLOCK'' 

L. N. Katz, M.D., J. L. Eschelbacher, M.D., and S. Strauss, M.D., in 
Collaboration With S. H. Robertson, M.D., and H. Binswanger, M.D. 

Chicago, III. 

G ONSIDERABLE controversy has existed regarding the mechanism 
responsible for frequent ectopic premature beats (Wenckebach and 
Winterberg,^ LeAms,“ and Rothberger^). While the idea of occasional 
haphazard avakening of dormant ectopic pacemakers has been advocated 
and the view of re-entry has been promulgated to explain fixed coupling, 
the Viennese school led by Rothberger has put forth the concept that 
many forms of premature s5’'stoles and paroxysmal tach3mardias are due 
to the constant activity of a secondaiy pacemalcer (or pacemakers) com- 
peting with the sinus pacemaker for control of the heart. This is the 
fundamental concept of parasj^stole. In its simplest form as developed 
by Kaufmann and Rothberger,^ parasj’stole presupposes the formation 
of rh3i;hmic stimuli at an abnormal focus at a frequencj’' measured by 
the shortest time interval between two ectopic beats. The longer inter- 
vals (during which sinus beats intervene between the ectopic beats) are 
multiples of the shorter time intervals and arise because of inter- 
ference bj^ the sinus impulse. Activation of the heart bj’- the ectopic 
impulse when it falls in the refractoiy period of the heart follows 
stimulation bj^ the sinus. The continuous activity of the secondary 
pacemaker, contrarj' to ordinaiy conditions, and the failure of the 
sinus impulse to obliterate or affect it, demand the existence of an 
“entrance” or “protection” block (Emtritts or SchiitzhlocJcierung) 
around the ectopic pacemaker. In some instances an inlierent rate of 
the ectopic pacemaker faster than the sinus rate has been assumed to 
explain the timing of ectopic beats, and this has demanded the view that 
some of the impulses from the ectopic pacemaker are blocked, not be- 
cause the entire chamber (auricle or ventricle) is in the refractory phase 
(interference), but because of a localized block, a so-called “exit” block 
(Austrittsblochiering), preventing the impulse from leaving the pace- 
maker. 

While the ideas of interference and protection block have ample evi- 
dence to support them (cf. case reports'"’ *’ °), no dmect clear evi- 

dence of exit block exists, as the cases cited by Kaufmann and Roth- 
berger"" to support this view have been criticized by Singer and Winter- 
berg.® 

.*Prom the Cardiovascular Department, Michael Reese Hospital, Chicago. 

Aided by tlie A. -n. Hast Fund for Cardiac Researcli. 
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THK AJIKIUCAK JIIvART .TOITIiXAI. 


Recently we have seen a patient wlio has had over a period of years 
sinus brai'cardia, intraventi-iciilar Mock, jmilliple active cclopic pace- 
makers of the auricle and ventricle, and attacks of auricular Oulter and 
paroxysmal tachycardia. On one occasion thf; eleet.roc;)rdio<rrani clearly 
demonstrated exH block. ^0 are thcrcfoia; presenting Ifie case i-eport 
with the pertinent cleeti’ocaj'diograin.s and tabnlai’ .summaries of ouj’ 
measurements in order to lend suj)])ort to tlie existence of jiarasy.stole 
with exit, block. 


CASE I'.KPOK'l’ 

The patient was first seen by one of ns (11. li.) in sis-tsoatioti with l)r. Hoi Btrousr 
in the fall of 1920. He was fifly-.=even years of ape at that tiiaf, Hi-i eociflaints 
at that time were of iniletinitc pains in the abiloamn whirh were consiilererl to hr 
genitourinary in origin. He had had tub'Tciilosis in his early youth. He sSiowed 
evidence of arteriosclerosis witii cardiac cnlargenmnt, a slow yio!:-'*, and a bloo'l 
pressure of 175/100. In the spring of 1927 lie had pus rclls in hi“ virine and hater 
developed uremia. He was operated upon; an infected patent uraeluis was renioved 
and a pro.stutcctoiny was perfonned. His recovery wap uneventful. Hi.s blood 
pressure fell to 140/60. In the fall of 192S on x-ray examination a duodenal ulcer 
was noted. In the spring of 1920 he had an anemia due to a heiaorrliage front this. 

In the summer of 1922, he returned complaining for the tirst time of jmin in the 

chest (1 cm. to the left of the heart's apes); this .spot was nl-o tender. Xo eimnge 

was noted in the heart tindings; the x-ray e.samin.ation showed .a dilated aorta. An 
electrocardiogram taken at this time .diowed intraventricular bbyk of the common 
bundle-branch typo with frequent ventricular and nurieular extnisy.^toles from 
multiple foci. (This will be discursed in detail lielnw.) The palie.nt stated tlmt 

irregularity of his heart had been noted ns far back as 3699, In 39.1.1 he bad 

trouble with hemorrhoids and complained also of preeordi.al and alklominal di.stress. 
His heart had been slow and irregular v.lienever he was examttK-d. Paring this 
period treatment was directed toward the relief of (he duodenal ulcer. 

In 19.34 his cardiac symptoms came to the fore, and his ulcer symptoms Teee-<]ed. 
During the winter, he had a flarc-up of his pulmonary tulK-reulos-is with fever, raie,* 
in the right infrascapulur region, and tul.>ercto baeiiii in the sputum. He went to a 
spa over the winter and relumed in the spring of 193.5 much improved. Kis cardiac 
examination was unchanged. During a visit to Mew York in May, Ids cough returned. 
In August he had a sudden attack of .shortnc.^'S of breath and felt very ill. He vra-s 
seen at hi.s home by one of ug (S. II. K.), who found the pulse rapid and rTiles in 
the upper chest bilaterally. Tlic pmlse quickly retnracd to its norm.-d rate. Tlse 
patient was kept in bed for pc-vcral days. 

In the fall of 1935 another attack occurred, and the patient wms gfjen hv two of 
U3 (S. S. and H. H.), He Imd cyano.-^is, dyspnea, and nile.s in tlie infrascapular 
regions and at both base.s; his pulse wa.s irregular and at times bigeminal. He re- 
covered from tills attack on rest in bed. He liad several c-lcctroo.ardiogrrims taken 
afterward which were similar in general character to tlie one l.aken in 1932, except in 
one there was a paroxy.sm of ventricular cxtrasy.stole.K. 

In the spring of 1930 he had another “heart" att.aek with tachyeardm and 
dyspnea, from which he gradually recovered with lied rest, morphine, and digit.alis. 
The four-lead electrocardiogram taken sit tlil.s time had the chief clue to the mechan- 
ism of his irregularity. From tlii.s time on lie wa.s under the care of one of us ft?. H.), 
A new attack of tachycardia and heart failure was induced in August, 1936 bv 
excitement. On bod rent, morphine, and large doses of digitalis his condition im- 
proved. In Septemlwr he had an attack of tachycardia, the pulse going to 322-144 
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(his normal rate being 44-60. At the slow rate of 44, the heart usually showed a 
bigeminus). It stayed at this rapid rate for several days. Quinidine 3 gr. every 
two hours was given. At the same time a source of great apprehension was removed, 
and the pulse became slow within a few hours. During the tachycardia, carotid 
sinus pressure and breath holding both caused transitory slowing. The .mechanism 
appeared to be auricular flutter. After that the patient had several attacks of 
paroxysmal tachycardia; these were controlled by quinidine. An electrocardiogram 
taken during one showed the mechanism to be auricular flutter with 2 : 1 conduction. 
A long four-lead electrocardiogram containing 425 ventricular beats was taken at 
this period. 

On physical examination during the winter of 1936, the left border of the heart 
was found to be 15 cm. from the midsternal line, the right, 4 cm. His cardiothoracie 
ratio in the x-ray fllm was 16/31. He' had man}’- calcified tuberculous nodules 
throughout both lungs. A blowing systolic murmur was heard at the apex. His 
blood pressure was 130-180/80. The liver was palpable 2 or 3 fingerbreadths below 
the costal margin. 

The diagnosis at this time made by one of us (S. S.) was: (1) arteriosclerotic 
heart disease (coronary sclerosis) ; (2) cardiac hypertrophy; (3) extrasystoles and 
auricular flutter (neurogenic?); (4) healed pulmonary tuberculosis; and (5) healed 
duodenal ulcer. 

The patient went to California for the winter. Tliere he acquired an embolus in 
his left brachial artery, his left hand and fingers became numb, and he had pain in 
this arm above the elbow. Ho radial or cubital pulse wns felt on this side. A short 
while later Ms cardiac sjTuptoms and signs recurred in severe form; coma developed; 
and death occurred within several days. No autopsj^ was obtained. 

ANALYSIS AND INTERPRETATION OP ELECTROCARDIOGRAMS 

The electrocardiograms taken on May 20, 1936, and on Jnly 7, 1932, 
are sIioyti in Figs. 1 and 2, respectively, and Figs. 3 to 8 show portions 
of the long fonr-lead electrocardiogram taken on Oct. 26, 1936. 

1. Electrocardiogram Taken May 20, 1936 . — The most significant elec- 
trocardiogram is the one shown in Fig. 1, since inspection of this record 
led one of ns (L. N. K.) to suspect the presence of parasystole with exit 
hlock, and measurements confirmed this impression. It will be seen that 
in each lead there are two types of P-waves, those marked P and those 
marked (P) . (The nature of Pn in Lead I is in doubt ; it may be a fusion 
form.) The QES complexes are all alike and show the typical character- 
istics of intraventricular block of the common bundle-branch type. 

Accurate measurements were made of all the P-P intervals, and the 
results are showm in Fig. 1 and are assembled hi Table I. It is apparent 
that there are four kinds of P-P inteiwals: viz. (1) P-P, (2) (P)-P, 
(3) (P)-,(P) and (4) P-(P) ; these were separated from each other in 
summarizing the measurements. 

It was soon apparent that the P-P intervals, of which there were eight 
(Table II), were aU equal in duration (1.28 see.) except one which was 
0.04 sec. less. It was also obvious that the (P)-P intervals were, equal in 
duration or a trifle longer than the P-P intervals ; viz. 1.24 to 1.36 sec. 
(Table III). It was, therefore, concluded that the auricular waves 
marked P were sinus in origin, that the auricular ivaves marked (P) were 
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from a focus close to the siuus node, and that the (P)-P intervals wc 
similar to the interval foUowing an auricular premature systole arising 
close to the sinus node. No correlation could be made in regard to the 
P-(P) intervals. 

The (P)-(P) intervals (Table IV), it ivill be seen, are multiples of a 
cycle length equal to 0.16 sec. ± 0.01, which is equivalent to a para- 
systolic rhythm with a rate of 375 per minute (which incidentally was 
the auricular flutter rate found during an attack). There is, therefore, 
an exit block giving rise to a ratio of total impulses over those conducted 
of from 4 :1 to 8 :1. 


Table IV 
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0.15 = 400 beat.s per minute. 
O.IC = 375 beats per minute. 
0.17 = 353 beats per minute. 


In brief, to recapitulate, the auricular waves marked (P) in Fig. 1 
are thus sinus in origin, and those marked P are ectopic. The fact that 
the calculated cycle length for the parasystolic rhythm varies ± 0.01 sec. 
is not surprising on biological grounds and because the error in measur- 
ing the interauricular intervals amounts to 0.02 sec. In line with the 
idea that tliis is a parasystolic rhjfllim is the fact that the longest (P)-(P) 
interval was .shorter than the usual P-P interval, indicating that the 
sinus node was kept discharged by the parasystolic rhj’thm and only 
took hold when the exit block increased to a degree permitting the sinus 
node to escape. 

'When the (P)-(P) intervals, during which some .sinus P-waves occur, 
were measured [ ( P ) -P- ( P ) ] ( Table V ) , it was found that they too could be 
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resolved into multiples of a cycle length of 0.16 see. ± 0.01 sec., indicating 
again a constantly active pacemaker going at the rate of 375 per minute. 
This indicates the presence of entrance or protection block around the 
parasystolic pacemaker, preventiug the sinus impulse from discharging 
the ectopic one, and the usual form of interference -which prevents the 
ectopic pacemaker from acting on the heart for anjwvhere from 11 to 31 
of its cycles. 




Pi^. 7. 


Pigs. 6 and 7. — Portions of Lead III taken on Oct. 26, 1936, to show two auricular 
and three ventricular ectopic pacemakers identified as in Pig. S. Discussed in text 



Pig. 8. — Portion of Lead IV taken on Oct. 26, 1936. to show two out of three 
auricular and three ventricular ectopic pacemakers identified as in Pig. 3. E indicates 
a nodal escape. Discussed in text. 


The shortest interval between two P-waves in this record occurred in 
Lead II between P3 and (P)4- This interval of 0.46 see. represents the 
shortest duration of the refractory phase follovung a sinus beat and is 
equal to slightly less than three parasystolic cycles. The exit block was 
longer than this while this record was taken; the least degree was such 
as to block three out of four impulses of the parasystolic rhythm, hut 
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sometimes it was sucli as to drop seven out of eight impulses. The par- 
oxysmal auricular flutter in this case occurred wlien the exit block di.s- 
appeared (or at least liad a refractoiy phase shmler than O.lfi sec., the 
cycle length of the parasystolic rhjdhm). It is obvious that in such 

Tabw: V 
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cases circus movement need not be invoked to explain the flutter, since 
a single focus mechanism as formulated by tlie Viennese school could 
adequately account for the flutter mechanism. 

Figure 9 is a diagrammatic representation of our interpretation of the 
arrhjdhmia occurring in this patient when Fig. 1 was taken. E above 
.shows the parasj-stolic rhyllim with the exit block indicated by the 
middle horizontal line; the beats that come through are .shoim by the 
doumward directed arrows. The sinus beats are shown by the upward 
directed arrows, and the lower horizontal line indicates the entrance 
block protecting the para.s 3 'stolic rhythm. The interfei'ence for posses- 
sion of the heart between the sinus and parasy.stolic rhythms can readily 
be worked out from this diagram. 

5. Electrocardiogram Taken Oct. 26, 1936 . — The conditions existing 
when this record was taken were more complex than five months earlier. 
Several auricular and ventricular pacemakers v.'ere found to exist at this 
time among the 424 beats measured and anah'zed. In Lead I we were 
able to identify two auricular {A) and four ventricular (V) pacemakers 
(Fig. 3) ; in Lead II, three auricular and four ventricular pacemakers 
as web as a nodal e.scape {E) (Figs. 4 and 5) ; in Lead III, two aui’icular 
and three ventricular pacemakers (Pigs. 6 and T) ; in Lead W, three 
auricular and three ventricular pacemakers, as well as a nodal e.scape 
(Pig. 8 .shows only two of the three auricular pacemakers). The records 
also show the presence of intraventricular block of the common bundle- 
branch type. 
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2-SO 

4.04 

1.32 

1.04 

0.40 

3.40 

2.00 

3.52 

42)0 

0 X 

14 X 

20 X 

0 X 
5 X 

32 X 

7 X 

33 X 

8 X 

23 X 

0.23 1 

0.20 

0.20 

0.22 

6,21 

0"0 

0.20 

0.20 

0.19 

0.20 

p, 'p 

P^.-p,, 

P=rP.) 

P -P 

P -P 

P -P 

P -P 

P-,'P'- 

p«-p;: 

Pm-I\, 

p«-p« 

2,40 

1.44 

3.88 

4.20 

1-48 

2.72 

0.20 

1,48 

3.70 

0.88 

2.28 

i'..-p„ 

3pJS 

/ X 

:n X 
7 X 
0 y 

0.23 

0.20 

0,21 

0,23 

P,yP„ 

Pv,-P« 

PA- 

PA, 

3,92 

1.24 

7.84 

3.70 


RATIO OF CON' 
DUCTED BEATS AND 
CYCDE LENGTH OF 
PAEASY.STOLIC 
RHYTHM 


37 X 0,20 
5 X 0.21 

10 X 0.20 
7 X 0,20 

25 X 0.20 

5 X 0,22 
48 X 0,20 

17 X 0.21 
50 X 0,21 
IG X 0.21 
54 X 0.20 

18 X 0.2] 
G X 0.23 

12 X 0.21 

6 X 0,21 
G X 0.21 

23 X 0,20 

7 X 0.21 

11 X 0.20 
G X 0,21 

12 X 0.21 
7 X 0,20 

16 X 0.20 

14 X 0,21 

31 X 0,20 
0 X 0.22 

12 X 0,20 
7 X 0.21 
41 X 0.20 
G X 0,22 

5 X 0.22 

32 X 0.20 

6 X 0.21 

5 X 0.22 

15 X 0,21 

19 X 0.20 

7 X 0.21 
11 X 0.21 

11 X 0.21 
G X 0.2.3 

18 X 0.21 
7 X 0.2] 

12 X 0,20 
7 X 0.21 

19 X 0,20 
21 X 0.20 

7 X 0.21 

13 X 0.21 
31 X 0.20 

7 X 0,21 
18 X 0.21 
4 X 0,22 
II X 0,21 
1.0 X 0,20 
G X 0-21 
39 X 0.20 
18 X 0.21 
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Tabm Y1 — Cokt'd 


LEAD INTERVAL 

DURA- 

TION 

IN 

SEC. 

RATIO OP CON- 
DUCTED BEATS and 
CYCLE LENGTH OF 
PARASYSTOLIC 
RHYTHit 

DURA- 

LEAD INTERVAL 

IN 

SEC. 

RilTIO OF CON- 
DUCTED BEATS AND 
CYCLE LENGTH OP 
PARASYSTOLIC 
RHYTHM 

P -P 

ICC 103 

1.2S 

6 

X 

0.21 

P=T-P^ 

1.36 

7 X 0.20 

P -P 

2.24 

11 

X 

0.20 

Pis-Ps 

1.08 

5 X 0.22 

P -P 

2.32 

11 

X 

0.21 

p -P 

2.24 

11 X 0.20 

P -P 

1.40 

7 

X 

0.20 

P -P 

1.36 

7 X 0.20 

P -P 

7.20 

36 

X 

0.20 


2.36 

11 X 0.21 

P -P 

1.20 

6 

X 

0.20 

lA 

1.40 

7 X 0.20 

P -P 

5.12 

25 

X 

0.20 

P35"P<0 

5.16 

25 X 0.21 

P -P 

1.24 

6 

X 

0.21 

P «P 

1.16 

6 X 0.20 

P -P 

1.24 

6 

X 

0.21 ! 

P -P 

3.36 

16 X 0.21 

P -P 

2.32 

11 

X 

0.21 

P -P 

2.36 

11 X 0.21 


2.20 

11 

X 

0.20 

P -P 

3.76 

18 X 0.21 


1.3G 

6 

X 

0.23 

P -P 

1.40 

7 X 0.20 

P -P 

3.SS 

19 

X 

0.20 1 

P -P 

1.08 

0 X 0.22 

P -P 

531 ^ 332 

1.20 

6 

X 

0.20 

P -P 

2.20 

11 X 0.20 






P«-P== 

1.16 

6 X 0.20 

IV. P^-P„ 

2.40 

12 

X 

0.20 

lA 

5.74 

28 X 0.21 

P.-P. 

1.08 

5 

X 

0.22 

P«-Pc- 

1.32 

6 X 0.22 

P.-Pc 

2.32 

11 

X 

0.21 

Pc-'Pc3 

1.44 

7 X 0.21 

Pc-Pt 

0.80 

4 

X 

0.20 

P -P 

1.16 

6 X 0.20 

Pt-Ps 

1.28 

6 

X 

0.21 

P -lor 

2.44 

12 X 0.20 

Ps-P» 

1.40 

7 

X 

0.20 

P^-P” 

1.04 

5 X 0.21 

p -P 

3.60 

18 

X 

0.20 

Pj.-P,, 

6.29 

31 X 0.20 

P -P 

1.40 

7 

X 

0.20 

Pr.-P-3 

1.24 

6 X 0.21 

P -P 

2.48 

12 

X 

0.21 

P-^-P:- 

4.92 

24 X 0.21 

P -P 

16 10 

3.68 

18 

X 

0.21 

i'A 

1.40 

7 X 0.20 

P -P 

39 20 

1.04 

5 

X 

0.21 

Pts-Pm 

6.88 

34 X 0.21 

P-o'Pit 

4.68 

23 

X 

0.20 

lA 

3.92 

19 X 0.21 

p«-p== 

1.36 

7 

X 

0.20 

Pss-Pso 

0.88 

4 X 0.22 

p=-p« 

2.40 

12 

X 

0.20 





0.19 = 316 beats per minute. 

0.2.0 = 300 beats per minute. 

0.21 = 286 beats per minute. 

0.22 = 272 beats per minute. 

0.23 = 2G1 beats per minute. 

All the P-P intervals of the varions anricnlar and all the R-R inter- 
vals of the varions ventricular pacemakers were measured. While it was 
easy to find common divisors for both the auricular and ventricular pace- 
makers in each lead, it was not possible to match the ventricular pace- 
makers of one lead with those of the others with any degree of cer- 
tainty. We, therefore, can only surmise that a number of parasystolic 
foci were operatuig in the ventricles, interfering with one another (and 
with the impulses coming to the ventricle via the A-Y junctional tissue) 
for possession of the ventricles. There was no conclusive evidence of 
exit block in these ventricular foci, the cycle length of the parasystoKc 
rhythms being sufficiently long so that interference of the various foci 
could explain all the findings. 

In the ease of the auricular parasystolic rhythms, the 242 cycle meas- 
ured in the various leads could be divided into three types, each ivith 
its own common divisor (Tables YI, YII and YIII). ^ No evidence of a 
sinus rhythm could be made out ; apparently the auricles were entirely 
under the control of these three parasystolic rhythms competing wdth 
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Table Viii 


P-P Intervals op Thied Foces of Parasystole (Figs. 3-8) 


LEAD INTERVAL 

DURA- 

TION 

IN 

SEC. 

RATIO OP CON- 
DUCTED BEATS AND 
CYCLE LENGTH OP 
PARASYSTOLIC 
RHYTHM 

LEAD INTERVAL 

DURA- 

TION 

IN 

SEC. 

RATIO OP CON- 
DUCTED BEATS AND 
CYCLE LENGTH OF 
PARASYSTOLIC 
RHYTHM 

I. P^-P„ 

6.G0 

9 

X 

0.73 

II. P,-P, 

5.16 

7 

X 

0.74 


5.36 

7 

X 

0.77 


3.80 

5 

X 

0.76 

P-,-P.T 

6.36 

8 

X 

o.so 

P -P 

6.36 

8 

X 

0.80 

P -P ^ 

27 30 

2.92 

4 

X 

0.73 

P -P 

1.52 

2 

X 

0.76 


5.24 

7 

X 

0.75 

P -P 

10.36 

14 

X 

0.74 


12.92 

17 

X 

0.76 

P -P 

X X 

6.04 

8 

X 

0.76 

P -P 

7.80 

10 

X 

0.78 


1.56 

2 

X 

0.78 

P -P 

5.12 

7 

X 

0.73 

P37-PSS 

8.80 

12 

X 

0.73 

P -P 

9.12 

12 

X 

0.76 

P3S-P.0 

1.48 

2 

X 

0.74 

P -P 

1.56 

2 

X 

0.78 

p -P 

8.24 

11 

X 

0.75 


3.56 

5 

X 

0.71 


23.68 

32 

X 

0.74 


3.06 

4 

X 

0.74 

PC3-P73 

12.60 

17 

X 

0.74 

P -P 

5.52 

7 

X 

0.79 

P,,-P„ 

7.72 

10 

X 

0.77 

P -P 

6.08 

8 

X 

0.76 

P73-PSS 

11.04 

15 

X 

0.74 


1.56 

2 

X 

0.78 







8.76 

12 

X 

0.73 

W. P,-P,„ 

9.24 

12 

X 

0.77 

P -P 

4.12 

5 

X 

0.S2 

P -P 

5.08 

7 

X 

0.73 

P -P 

2.40 

3 

X 

0.80 

p -P 

13.28 

17 

X 

0.78 

P -P 

1.56 

2 

X 

0.78 

Pm'Pss 

67.97 

90 

X 

0.76 

P -P 

X ,52 iw 

2.44 

3 

X 

0.81 


1.56 

2 

X 

0.78 


0.71 = 85 beats per 
0.73 = 82 beats per 
0.74 — 81 beats per 
0.75 = SO beats per 
0.76 = 79 beats per 
0.77 = 78 beats per 


minute. 

0.78 

minute. 

0.79 

minute. 

0.80 

minute. 

0.81 

minute. 

0.82 

minute. 



= 77 beats per minute. 

= 76 beats per minute. 

= 75 beats per minute. 

= 74 beats per minute. 

= 73 beats per minute. 


the rate of 375 per minute and had exit block (as postulated by Kauf- 
mami and Eothberger), This is apparently the first ease with definite 
evidence of exit block on record. 

An electrocardiogram taken subsequently showed sinus rhythm absent 
and gave evidence of multiple auricular and ventricular foci of impulse 
initiation. Three auricular and at least four ventricular foci were 
identified as well as an occasional nodal escape. The parasystolic char- 
acter of the ventricular rhythms was suggested by the evidence but could 
not be established with certainty since the cycles in each lead were too 
few and the beats in one lead could not be accurately identified with 
beats in other leads. The three auricular rhythms could be shown on the 
basis of measurements of 242 cycles to be parasystolic in origin with 
exit block present in at least two of them. 

. A record taken about four and one-half years before showed the same 
three auricular parasystolic rhythms occurriug at approximately the 
same rate. Tliis demonstrates the long persistence of parasystolic pace- 
makers. 

The attacks of rapid heart action in this patient, wMch resembled 
paroxysmal tachycardia and auricular flutter, seem to be correlated with 
lessening of the exit block at least in the case of the auricular rhyt hm s. 
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This case we believe lends support to the parasystolic theory ex- 
pounded by Eothberger and his colleagues and seems to give clear proof 
of the existence of exit block. 


REFERENCES 

1. Wenckebaclv, K. F.j and Winterberg, H.: Unregelmassige Herztatigkeit, 

Leipzig, 1927, W. Engelmann. 

2. Lewis, T.: The Mechanism and Graphic Registration of the Heart Beat, ed. 3, 

London, 1925, Shaw and Sons. 

3. Eothberger, C. J.: Normale und pathologische Physiologie der Rhythmik und 

Koordination des Herzens, Ergebn. d. Physiol. 32: 427, 1931. 

4. Kaufmann, R., and Eothberger, C. J.: Ztschr. f. d. ges. exper. Med. 7: 199, 

1919. 

5. Singer, R., and Winterberg, H.: Wien. Arch. f. inn. Med. 1: 391, 1920. 

6. Scherf, D.: Ztschr. f. d. ges. exper. Med. 51: 816, 1926. 

7. Paltischek, P., and Scherf, D.: Wien. Arcli. f. inn. Med. 23: 269, 1932. 

8. .Tervell, A.: Acta nied. Scandinav. 79: 239, 1932. 

9. Hill, J. G. W., and Cameron, J. D. S.: Ajr. Heart J. 11: 140, 1936. 



THE ELECTRICAL AXIS IN SBIULTANEOHS LEADS 

I. Factors Increasing the Dispersion of Normal Values^ 

Robert C. Robb, and -Iane Saxos Robb, l^LD. 
Syracuse. N. Y. 


INTRODUCTION 

A CONSPICUOUS feature of the e]cctrocardio;,o-ain lliat both iiy 
vite.s coRiputation and resists aualj'si.s is tiie difiercnce in ampli- 
tude of its component ivave-s. This problem presents ttvo phases, the 
origin of the primary distinction beUveen individual iiorlions of a single 
cycle, and the source of the sceondai'y modifications to udiieh each wave 
is susceptible. Since the most sensitive index for the dcseriidion of these 
waves is found in tlic electrical axis, for the measurement of which 
suitable apparatus lias not been generally available, further study is 
in order. 

As recognized by Einthoven and his coworker.s’’ (1913), the sha])C 
of an electrocardiogram is conditioned by the position of the cleclrode.s 
in relation to the heart. This is in accord with the proposition that 
the passage of an electrical current in a given circuit Avill exert a 
maximum effect itpon electrodes in a secondary circuit if that is parallel 
to the first, and the current will have no effect upon a secondary circuit 
placed at right-angles to itself (Millikan and Mills, p. 15-). Con- 
vei’sely, if the orientation of the primary circuit were unknown it could 
be discovered by moving the secondary electrode.? about it until the 
maximum effect was obtained: then the axis connecting these electrodes 
will be parallel to the primaiy or electrical axis (Trendelenburg. 1932- 
33“) . In the case of the heart the direction of the flow' of the electrical 
impulse may he similarly discovered but it is not necessary to rotate 
the electrodes because, ly using Einthoven ’s triangular arrangement of 
the electrodes it i.s possible to calculate the electrical axis from the 
three standard leads. This principle acconnts for the altered appear- 
ance of a given w'ave in different leads. 

It is also Imo^vn (Kahn 1909, Fahr 1912,= M^illiams 1914,= Lewis 
1925, chapter 8, p. 123, 127 Meek and "Wilson 1925^) that the electrical 
axis of the heart is not constant throughout the cycle, rarying from 
instant to instant a.s though the spread of the excitation wave followed 
a changing (i. e,, noni’eetilinear) cour.se. As.suming that the Purkinje 
system eon.stitutes tlie excitation pathway it is obvious that certain 
regions will lie parallel to one of the throe .standard leads (Robb. 
Greene and Robb, 193 <=), Hence, tbe-se regions will be fully repro.sented 
in the corresponding lead. On the other hand, all those patliways not 

UnivwsRy ""'J Phannacolo:;^'. College of Medicine, 
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in the frontal plane will be less adequately recorded, and those portions 
of the Purkinje system that lie at right angles to the frontal plane will 
have little, if a.ny, effect on any standard lead. The former regions 
probably correspond to the ‘‘favored regions” of Katz and his asso- 
ciates^® and the latter portions would constitute the “silent areas” of 
coronary thrombosis. These conclusions offer a theoretical justification 
for the use of chest leads; furthermore, the changing direction of the 
excitation wave during each cycle offers a physical basis on which to 
explain the differences of amplitude and duration characteristic of the 
several component waves of an electrocardiogram. 

SOURCES OF ERROR 

It is obvious that the progress of excitation in the heart is a three 
dimensional phenomenon which is also a function of time. If the elec- 
trical axis be defined as the apparent direction of the excitation wave, 
one must concede that its satisfactory description requires four dimen- 
sions. Most of the published observations include only the two dimen- 
sions of the frontal plane, intercepted at an arbitrary point in time 
which is assumed to be comparable in clinical tracings. It is not sur- 
prising that tremendous normal variations are accepted. Thus, apply- 
ing Einthoven’s equation to the E-waves alone, 

Einthoven, Fahr, and DeWaarP give as normal 40 to 90° 


Waller^^ -10 to 100° 

Carter, Eichter, and Green, Dieuaide^^ 0 to 90° 

Lewis' 15 (about) 

Pardee^^ 30 to 90° 

Proger and DaMs^^ 0 to 80° 

White"® 0 to 90° 


Even if it be assumed that the axis of the E-wave is peculiarly sensi- 
tive to abnormal conditions outside the bundle of His, its evaluation 
presents major difficulties, each of which contributes to the dispersion 
of normal values. 

1. Phase Error.— It is often impossible to identify synchronous points 
in the several leads unless they were recorded simultaneously. Thu.s 
White (1937, p. 130) mentions that the leads are frequently “out of 
phase.” This is evidenced by lack of conformity to the equation; 
W = E" -i- E® (Wilson, McLeod, Barker, 1931-32"®). AVillianis (1914®) 
reports 5 cases in 6 out of phase. We have noted this discrepancy in 
about 60 per cent of the electrocardiograms published by Carter (1937"") 
and in 80 per cent of those given by Pardee (1933"®). In all of these 
records no legitimate calculation of the “E-axis is possible, because, 
as shown in Pig. 1, there is no one E-axis to measure. If, as in a recent 
patient, the three E-waves, 1, 2-, and 3 are 3, 6 and 6 mm. respectively , 
who can say which one (or two) values are misleading? Eegaiding 
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this contingency Jones and Roherls (1029<") rcmai’k '^rufciy do per- 
pendiculars of all three leads fall on one point: it is sinililer lo use 
only Leads I and Jl.” nerrinann and Wilson-" suggest Ihe use of the 
two largest, and Progcr and Davis (1930’') prefer Leads I and II in 
cases of left ventricular preiiondei-ance and H and Til in right ventric- 
ular pi'eponderanee as jn'evionsly suggested by PiOrdee (1920’^). Un- 
less simultaneous jioints are recognizable there exists no legitimate 
method for calculating any axis in ont-of-phasc records. 

2. hiconsisienctj in Calcnhfioyi.—li is not ])ermi.ssible to inehulc 
in a .single class for comjiarison electrical axes calculated by difiercnt 
methods, because R may have a different value in each lead, as shoAvn 
in Table I. 






•■x: 





Fig. 1.— Electrical axes plotted at 2 to IP slpina Intorvai.'; throiifjlioul tlio (vimlrii.- 
ular) cycle; A: man, li: .i Oos ■witl! negative T. 

Xote that tlie Ri .anti Kj-poaU.'; of tiie standard lead.s were not svp.ehroumvw 
and have axes differing- 50 and 100", ro.«pccllveIy. 


In five of these six recoixls tin; axis of lU differs from thiit of R, b.v 
abont one hundred degiees. These details arc obscured when .some 
hybrid estimate is attempted, as Ls tlio cui-rcnt usage; such estimates 
have no real existence and very little empiricsd value. Thus Darter ‘.s’- 


Tabi.k I 

Di.scrtEPAKciES Between Metuops or Gaecueatino- EEEcrmc.tE 
rx Out-ok-Pitase Kecokp.s 


Fatient 
A 
B 
G 
D 
E 
P 


H-l’EAKS, AS IX 
rOX.SECETIVE Eircoiins 


pi .1- K2 
0* 

0* 

20 *- 

20 * 

30* 

84 


J?2 4. i’S 

33 
44 
40 
44 
5C 
94* 


nO.MOUJCOU.S 1‘OIKTS, AS IX 
SIM IJI.TAXEOUK I'.ECnKPS 
J?I 

4 12 -90 

-42 48 70 

17 40 120 

11' Iti 150 

30 4S 320 

CO 93 304 
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prime exaniples of right axis deviation, given in iiis Pig. 18, in order 
of severity, calculated from Leads I and II are: 65, 74, 81, 83, and 85°; 
recalculated from II and III, these are: 86, 85, 85, 95, and 102°. 
None of these is far beyond the '-'normal” range. Similarly his illus- 
trations of left axis deviation in Pig. 21 may he calculated as : 55, 40, 
23, 20, and 25° in I and II: or: 55, 40, -25, -28, -38° in Leads II and 
III, showing that an unchallenged alternative method of interpreta- 
tion may introduce a fifty degree discrepancy. It is suggested that in 
eveiy out-of-phase record the method of calculation be indicated, and 
better still, if homologous points are available, the axis offered for con- 
sideration sliould be carefully designated as, e. e. : R1-E2) R3-Q1, 

etc. 


T 




Fig-. 2 . — Electi'ical axes plotted at about 0.01 second intervals throughout the 
cycle, -svith negative angles below the base line. Upper curve: dog with deep 
bulbospiral muscle infarct; lower curve: another dog with deep sinospiral muscle 
injured. Note that in both the H-wave axes are identical but the S-T axes are 
displaced in opposite directions (although each lesion is on tlie left side of the 
heart). 

3. The Indifference of the B-ivave to Periidieral Lesions . — The in- 
ference is inescapable that, if the electrical axis has any significance 
whatsoever, its behavior throughout the entire c.yele will be more in- 
structive than at any one point. In Fig. 2 it is evident that the axis 
(of R) is identical in two dogs following acute infarctions of the deep 
sinospiral muscle in one heart and of the deep bulbospiral in the 
other, although other regions of the axis are strongly contrasted. (In- 
cidentally, this observation refutes the suggestions^ that the S-T dis- 
placements of infarction are associated witli rotation of the heart itself 
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because the visible absence of gross rotation is here corroborated by 
the internal evidence of an unchanged E-axis. This figure does show 
that the one region of the electrical axis usually inspected may be in- 
different to gross pathology knowoi to exist beyond the major branches 
of the bundle of His. 

4. Apparahis . — Evaluation of the electrical axis for an entire cycle 
(at intervals of 0.005 to 0.010 second) is arduous Avithout simultaneous 
records by tivo or more balanced galvanometers (having identical string 
periodicity, and circuits of equal resistance to avoid shunting deformity 
of the records), focussed on a single camera with a common time marker 
to avoid parallax. In reading the data an accurate measuring instru- 
ment is desirable. 

It is significant that de Waari,-* using three simultaneous leads has 
reported a remarkably narrow range of normal values for the E-axis 
*in the Macaca irxis, between 50 and 75° with an average of about 70°. 
"We have been able to confirm his figures in monkeys of another species 
{Macacus rhesus), and we have observed a similarly restricted range 
for the E-axis in normal dogs. It is our hope that an understanding 
of the human electrocardiogram may be extended by a rigorous adher- 
anee to precautions such as are outlined in this paper. 

SUMIVIARY AND CONCLUSIONS 

I. The Avide variation in the values accepted as normal for the elec- 
trical axis is ascribed, in large measure, to improper and inconsistent 
treatment of the data. 

1. In approximately three-fourths (74 ± 5 per cent) of one hundred 
recently published electrocardiograms the E-peaks of the .standard leads 
are out-of-phase. In such cases there exists no satisfactory method for 
calculating this axis. 

2. "When the E-pealis are out-of-phase (so that Ea is not the .sum 
of Bi-fEg), each E may haA^e an axis of its OAvn that differs some 50 
to 100° from the others. 

3. In such cases, the arbitrary selection of any tAVo leads from Avhich 
to calculate an axis produces some unreal number that may differ 50° 
from that derived from another person’s interpretation of the same 
tracing. This accormts for a considerable part of the reported variation. 

II. It is also probable that too much has been expected of the E-Avave 
and its axis. 

1. It must be remembered tliat the axis can not reflect conditions that 
exist at right angles to the frontal plane Avhen only standard leads 
are employed, because seeondaiy electrodes record electrical cAmnts 
best when in a parallel direction and least of all A\dien perpendicular. 
Since much of the Purkinje system deviates from the frontal plane, 
preferential and “silent” areas are created by the orientation of the 
very electrodes used to explore them. 
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2. Furtherinore, tlie peak of the E-wave, together with its electrical 
axis, may he entirely unresponsive to experimental infarction of the 
deep biilhospii-al or deep sinospiral muscles, although these lesions mark- 
edly alfect the axis in a later portion of the cycle. 

3. Apparently there is no close correlation (and no good reason 
to expect such a relation) between the R-axis and peripheral lesions 
not involving the main branches of the bundle of His. 
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THE SYMBALLOPHONE ; A MODJPIED STETHOSCOPE FOR 
THE LATEEALIZATION AND COMPARISON OP SOTJNDS^' 

William J. Keur, M.D,, T. L, Altiiausek, M.D., A. M. Bassett, A.B., 

AMD 31. J. Goldaiam, A.B, 

Sam Pramclsco, Calif. 

TT is iveR knoivji lliat the direction from which a sound comes is de- 
A lermined chiefly hy the difference in time required for the sound 
waves to reach the tympanic membrane of tJie two ears and register in 
the brain as sound. The variation in intensity of the sound reaching 
the two ears is probably of le.sser importance in determining the source 
of external sounds. 

We have made use of these principles in the construction of a new 
tj-pe of stethoscope for comparison of Uvo areas over the heart and 
lungs. Preliminary observations indicate that differences in timing of 
sounds from the two areas compared can be used to determine the point 
of origin of sounds and the direction of propagation. This infomation 
.sljould be of practical importance in clinical medicine. Tlie principles 
may also be applied in other fields where the point of origin of sounds 
and the direction of travel of sound are of interest. 

In 1910, 3IuralP devised a stethoscope which permitted the physician 
to listen simultaneously to two areas over the lungs. This stethoscope 
consisted of two endpieces or acoustic bells with tubes running from 
each bell to botii ears. It is apparent from his illustrations that the 
crossed tubes to the opposite ears were equal in length to the tubes 
pa.ssing directly from one endpiece to the ear on the same .side. Sounds 
originating in one endpiece reached botli ears simultaneously. 3Iore 
recently, Frbschels- .suggested the use of a “differential stethoscope” 
which is essentially a pair of endpieces each connected to the ear by a 
single tube and each passing tlirough an X or four-way connection 
ivMch permits either an ipso- or contralateral course of the sound to 
each ear. This instrument was devised to study the sounds produced 
in the vocal cords in t})e detection of laryngeal paralysis. 

Nieolar devised a “stereostetho.scope” to detect differences in sounds 
originating in the two mandibular .joints, and suggested its use in other 
fields of clinical medicine. This instrument consi.sted of two endpieces 
with .simple tubes passing directly to the ear on the same side, as shovm 
in Pig. 1 A. Hantschmann and Nicolai^ reported that this instrument 
was of value in the study of cardiac and pulmonaiy' disease. 

•From the Division of Me»3icine, UniverBity of California Medical School, San 
Francisco. 

Read before the American Heart Association, Section for the Study of Cardiac 
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111 1935, Hawthorne" described the use of the differential (double) 
stethoscope, a type similar to the one described by Nicolai.^ Alison*^ 
had described this type of stethoscope, in 1858, and gave a report on its 
use in 1859. 

The symballophone, or somid-comparing stethoscope, which we have 
devised is illustrated in Fig. 1 B. The essential point of difference from 
Muralt’s stethoscope is the introduction of a longer connecting tube 
from each endpiece to the opposite ear than the direct tube pass- 
ing to the ear on the same side. The difference in length between 
the direct and crossed tubes is not a fixed distance; but we have 
found that if the crossed tubes are only 3 cm. longer than tlie direct 



Fig-. 1 . — Aj Nicolai’s stethoscope ; B, the sjTnballophone sho-sving the ai-rangement 
of tubing for a simple model. The diagonal tubes are longer than the lateral tubes, 
and the bore of the crossed tubes is reduced. C, a variation of B, but impractical. 

tubes the device will serve its purpose. If the crossed tubes are about 
15 to 20 cm. longer than the direct tube, the lateral deflection of the 
point of origin of the sound appears to be maximal. If the caliber of 
. the crossed tubes is less than that of the direct tubes, the difference in the 
intensity of the sound reaching the two ears further enhances the ability 
to later alize the source of the sound. Empirically, if the crossed tubes 
have a bore three-fourths that of the direct tubes, the results are best. 
Further study is in progress to determine the optimal differences in 
caliber and lengths of tubing. Psychological studies show definitely 
that whh tlie use of the symballophone dissimilar sounds arising from 
any two points to be compared give an illusion which seems to lateralize 
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tlie quality being investigated. IX one endpiece of tJic instrument is 
used alone, the impression of lateralization is enhaiieed. 

Modifications of the arrangement of tulias may be devised. Fig. 1 C 
shows one of these modifications which has a single connecting tube 
between the two direct tubes, each going from the endpiece to the ear 
on the same side. The connecting or crossed tube permits sound waves 
to pass in cither direction in going to the opposite ear, and if the length 
of the crossed tube is approximately 3 cm., the comparison of sounds 
may bo made to permit lateralization. However, confusion may arise 
because sound waves may travel readily up or do\vn tlie direct or ver- 
tical tubes. Kefinements may be added to eliminate the long or diagonal 
tubes shouTi in Fig. 1 B. Stopcocks may be inserted near the endpieces 
for this purpose. If the two endpieces are then placed in juxtaposition 
over the heart or lungs, the insti-ument will serve as a familiar binaural 
stethoscope. 

The theoretical basis for the eonslruction of the comparing stetho- 
scope may be stated briefly as follows: 

Sound travels in air at the I'ate of 330 meters i^er second or 3.3 cm. 
per 1/10000 second. The rate in .sea water is approximately 1454 meters 
per second or 14.5 cm. per 1/10000 second. The rates for solids vary 
from 3000 to 5000 meters per .second. The auditory apparatus is ca- 
pable of dctecling very small differences in time of reception of sounds. 
Sounds wliich ari-ive 0.000032 second apart can be perceived. If the 
crossed or diagonal tubes .shown in Fig. 1 B are 3 cm. longer than the 
straight or direct tubes, an}’- sound traveling by air at the rate of 330 
meters per second and originating at one of the endpieces will reach 
the homologous ear through the straight or direct tube 0.0001 second 
before it reaches the opposite car. This difference in the time of re- 
ception in the tw’o cars is three times the minimum time nece.ssarj’' for 
differentiation and will create the impre,ssion that the .somid arose from 
the side ivhich regi.stered the sound finst. From our observations, sounds 
originating in the blood stream heard at one endpiece and passing to 
both ears (in different times) register before those received at the other 
endpiece reach the ears. Theoretically, this should not be possible if the 
sounds heard are propagated from their points of origin in a fluid or 
solid medium. In the practical use of the comparing stethoscope, it is 
apparent that the sounds heard over vessels (murmurs) travel at a rate 
approximating the rate of travel of the pulse wave and not at the rate 
at wdiich sound would travel through a liquid or solid medium. Clini- 
eians will appreciate the fact that the systolic thrill over the carotid 
arteries in aortic .stenosis is simultaneous with the sj’stolic murmur at 
that point, and that the thrill is simultaneous wnth the pulse wave which 
is approximately one-twentieth of a second after the contraction of the 
ventricles. It is probable that the murmurs heard along their path of 
propagation are produced by vibrations in the blood or walls of the 
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vessels associated witli eddies in the blood ■which are continued for a 
considerable distance beyond the point where faults in streamlining 
iaitiate them. Further studies with accurate registration of the propa- 
gation of sound impulses are being made. 

Tests for the practical use of the mstrument have shown that localiza- 
tion of the side from which the sound appears first is readily determined. 
Among a class of 50 senior medical students, no errors were made. In 
addition to the ability to detect differences in timing, differences in pitch 
and intensity can be appreciated by the quick comparison made possible 
by tills device. 

It is suggested that this instrument -will also be of use in studying 
the follo'wing conditions: injury of one recurrent larjnigeal nerve; 
unequal volume and timing of pulsations in peripheral arteries; asyn- 
chronous beating of the heart of t-wins in utero; unequal contractions 
of muscles; peristaltic sounds in the large intestine; and possibly in 
other clinical conditions where differences in timing and intensity of 
sounds are observed. 

The device should be of great practical value in comparing sounds 
associated with respiration over two sides of the chest. Differences 
in timing, pitch, and intensity are easil}’" detected, and the location of 
rales, friction sounds, and other abnormal sounds are readily localized. 

By the use of the comparing stethoscope, the interest of the clinician 
in sounds is quickened. Sounds may be said to take direction and to be 
“alive.” To listen over a vessel in which the blood is flowing and carry- 
ing vibrations which we interpret as sound, conveys a sensation of fluid 
in motion which is not produced by listening to the murmur with the 
familiar binaural stethoscope. 

The illusion wliich is created by the devices of increasing the length 
and decreasing the bore of tubes passing to the opposite ears from two 
endpieces is of value in clinical medicine and in other fields where a 
comparison of soimds is desirable. One may compare two areas for 
compound differences in qualities which may be analyzed separately. 
The direction in wliich sound is traveling can be determined. This is 
of practical importance in the case of murmurs. 

Further psychological studies are in progress. No permanent model 
can be constructed until all the facts are knoivn. From an empirical 
standpoint, the device marks a signal advance among the aids in clinical 
diagnosis. 
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L QUANTITATIVE STUDY OF CUTANEOUS CAPILLARIES IN 

HYPERTHYROIDISM^' 

E, Roberts, M.D., and J. Q. Gbippith, Jr., M.D.f 
Philadelphia, Pa. 

^ I 'HE cutaneous circulation, in addition to serving the function of 
local tissue metabolism, assists in the dispersion of heat from the 
body, Distui'banee of the cutaneous circulation is, therefore, to be 
expected in conditions that alter the total metabolism. This correlation 
occurs in fever. It may be expected in liyperthj’Toidism, but we have 
found no quantitative demonstration of its occurrence in tliis condition. 

By capillary microscopy, first described by Lombard,* it is possible 
to study directly some of the vessels of the skin. The following calcula- 
tion, based upon figures obtained from the dorsum of the hand, indicates 
how few of these vessels are visible. The length of a capillary loop ap- 
proaches 0.82 mm. and its width 0.008 mm. The total number of visible 
loops per square cm. is approximately 8,100. Hence the visible capil- 
laries per square cm. would contain 0.334 c.mm. of blood. As the sur- 
face area of a man of 80 kgm. is approximately 1.8 sq. meters, such a 
man would have^ assuming the same capillary distribution, about 6 c.c. 
of blood in his visible capillaries. In addition, the subpapillary venous 
plexus is more or less visible. On the average, the individual limbs are 
0.03 mm. wide and approximate an arrangement of superimposed circles 
with centers 0.3 mm. apart. By a similar calculation, the total amount 
of blood contained in the subpapillary venous plexus of the entire body 
would be about 16.9 c.c., making a total for the visible vessels of the skin 
approaching 22.9 c.c. These figures are subject to correction for varia- 
tion in size and distribution of the vessels in different skin areas. lYe 
found that vessels of the subpapillary plexus over the face and neck are 
distinctly wider and the total number of capillaries per sq. cm. dis- 
tinctly greater than the averages given here. The vessels of the plexus 
over the trunk are narrower and the distribution scantier. In spite of 
these observed variations the approximation is useful until better figures 
are available. 

That this amount of blood is sufficient to account for the color of the 
skin may be shoum by the f olloiving procedure : From the above figures 
the amount of blood in one sq. cm. of skin is found to be about 1.3 c.mm. 
To each of two glass cylinders, ha%ing an area at the base of 15.9 sq. cm., 
were added 2 c.c. of distilled water. One of these cylinders was placed 
over the skin and the skin color observed through a peephole. The color 

•From the Robinette Foundation, the Medical Clinic, the Endocrine Clinic, and the 
Pepper Laboratorj- of the Hospital of the University of Pennsylvania. 

tAtwater Kent Fellow in Medicine. 
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exactly matclied that of the surromiding skin. Pressure was applied by 
the c.ylinder to the skin and the sldn blanched. 

To the second cylinder 20 o.nnn. of wliole blood were added. (We 
estimated 1.3 e.mm. of blood per sq. cm. of sldn. As the base of the 
cylinder was 15.9 sq. cm. a similar area of skin would contain 20.67 
c.mm. of blood. The contents of the cylinder were then comparable to 
the amomit of blood in the visible vessels.) With this container the 
above procedure was repeated as with the cylinder containing only dis- 
tilled water. Seen through the peephole the skin was definitely darker 
than the surrounding sldn. When pressure was applied the color 
matched that of the surrounding sldn. 

The visible circulation is therefore adequate to explain the color of 
the skin but we believe it inadequate to account for the heat loss occur- 
ring from the sldn. However, this visible circulation shows alterations 
which are probably typical of those occurring in the entire cutaneous 
circulation. 

Four different kinds of observations could he made to study these 
changes: (1) speed of flow; (2) per cent of total capillaries showing 
flow; (3) width of vessels; (4) number of capillaries normally open as 
compared with tlie total number open in the same area under conditions 
of maximal dilatation. This fourth method we considered would supply 
quantitative data with a minimum of subjective error, and was there- 
fore the one chosen. 

■ Most observers who, in capillary microscopy, have used the dorsum of 
the hand have found little change in the number of capillaries under 
varmng experimental conditions. Lewis^ indeed states that all the 
capillaries in this area are constantly’ open. Bordley,^ on the other 
hand, finds a varying change in the number of open capillaries in the 
skin over the tibia. We have found that on the face, neck, and hands 
in exposed areas most or all of the capillaries are open constantly, but 
over the arms and other areas protected by clothing that only a fraction 
of the total number are open. 

aiETHOD 

Patients with hyperthyroidism were obtained from the endocrine 
clinic or from the wards of the University Hospital. All had a definite 
diagnosis of hyperthyToidism and an elevated basal metabolic rate with- 
out subsequent treatment preceding our study’’. As controls we used 
patients from the wards or dispensaries in whom no vascular nor meta- 
bolic disturbance could he found. All cases when studied had been in 
the hospital at least two hours. A thyu-oid case and a control were ex- 
amined alternately tlumighout the study*, whicli was started November, 
1936, and completed May^, 1937 . 

The sldn area studied was on the forearm, midway between the wrist 
and the elbow. The arm was placed at the level of the sternum. An area 
of approximately' 2 sq. mm. was marked by' inking a circular die and 
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pressing it gently on the sldn. The exact area Taried somewhat with the 
tension and elasticity of the skin and the tendency of the ink to run 
slightly, hut when once marked was constant for the duration of the 
expeiiment. 

The method of capillary microscopy was that previously described by 
one of us.^ The area was covered with cedar oil. Liglit fi*om a 500-watt 
bulb was cooled by passing it through water and directed upon the area. 
Observations were made using a microscope with a magnification of 
x32. The number of msible capillaries was recorded. 

At a distance of 1 cm. from the marked circle histamine 1 :1,000 was 
pricked into the sldn and, at one-minute intervals, the number of 
visible capillaries was counted. The maximum number was recorded. 

RE.SULT3 

Sixteen eases of hypei’thyi’oidism are reported, wdth fourteen controls. 
Before histamine is pricked into the neighboring skin a number of 
capillaries can be counted. Because the capillaTies pass almost at right 
angles to the skin surface only their tips are Ausible, appearing as small 
loops or hoolm. In the patient %vith hyperthjuoidism many more capil- 
laries can be seen than in the control, as a rule. After histamine there 
is a strildng increase in the number of visible capillaries in the control. 
After histamine in the patient with hypeithyroidism there is a relatively 
slight increase in the number of visible capillaries. It is obvious that 
the increase after histamine is marked in the control and negligible in 
the patient vdth hjiierthyroidism. It is to be noted, however, that the 
patient with hjTDerthjuoidism has a large niunber of capillaries risible 
before histamine. 

The change in the number of visible capillaries in a normal subject 
before and after histamine is illustrated in Fig. 1. Photographs were 
made using an Ultrapak, Leitz camera, and arc lamp. The exposure was 
one second. The intensity of light was identical for both exposures. In 
the first film only two capillaries show as tiny black dots close to the 
free end of the upper hair. At tliis low^ magnification the capillary tips 
show as dots. The general field is quite light. The stubs of two hairs 
show. The ink marldng has been trimmed away in the photograph 
except for a small dab of ink which has run along the roots of the 
hairs. The second photograph -was taken four minutes after histamine. 
Macroscopieally the marked circle lies in the flare area. In the photo- 
graph the entire field is much darker. The two capillaries previously 
seen are stiU present and many others have appeared. Short lengths of 
the subpapillaiy venous plexus are visible. In a photograph made at a 
single focus their continuity with each other cannot be demonstrated. 
Similarly, all capillaries are not in focus and absolute counts cannot be 
made from photographs. The lower hair has been swept out of the 
field and the upper is bent slightly downward and is more clearly in 
focus. 
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Tile results of the entire series are charted in Pig. 2. The increase 
averages 120 per cent for the controls, with a range of 62 to 220 per 
cent. Por the patients with hyperth^Toidism the average increase is 
16 per cent vdtli a range of 0 to 82 per cent. The patient designated 



Pigr. 1. — Photomicros^-aphs taken of the extensor surface of the forearm in a 
normal subject. Area of appi'oximately 2 sq. mm. The photomicrograph on the left 
shows tlie normal appearance. Only two capillaries are visible as dots near the free 
end of, the upper hair. The photomicrograph on the right shows the same area after 
histamine. Numerous capillaries and branches of tlie subpapillao* venous plexus are 
visible and the entire field Is darker. Por further details see text. 
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Pig. 2. — Chart showing the relation between basal metabolic rate and per cent increase 
in capillary counts after histamine in normal controls and in hyperthyroid subjects. 


by a triangle is not included in tbe series. She was a patient, formerly 
hyperthyroid, whose basal metabolic rate had fallen to normal follow- 
ing roentgen treatment but who retained the capillary behavior similar 
to that which we found in hyperthju’oid patients. 

The capillary counts are not given because (1) for reasons previously 
stated the size of the area studied was not exactly the same in different 
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patients and (2) conditions of skin texture affect visibility and hence 
the count. In the controls before histamine the average count was 16, 
ranging from 8 to 24, while in llie patients with hypeithyroidism the 
average was 23, with a range from 8 to 42, 

DISCVSSJOS 

The volume of blood in the visilde vessels is too small to bo important 
in heat loss. If, however, these vessels reflect the behavior of all tlie 
minute vessels of the .skin, of. v'lueh they form a part, then their behavior 
becomes significant. The evidence presented suggests tliat in the hyper- 
thyroid state most of the cutaneous capillaries are open, as might be 
expected to provide for the heat loss. Such increased filling of the 
peripheral bed, if unaccompanied by constriction elsewhere, would 
necessitate an increase in blood volume. Chang'’’ has reported an in- 
crease in blood volume in hyperthyroid states. 

The degree of cutaneous dilatation is not closely correlated with the 
basal metabolic rate, for patients with minimal cliange of capillary 
count in response to histamine had basal metabolic rates ranging from 
plus 32 to plus 55, Avhereas two patients with the highest basal meta- 
bolic rates (plus 60 or over) had inci’cased counts after histamine in 
one case by 50 per cent and in the other by 16 per cent. This is in 
accord with the findings on blood volume, for the increase of the ba.sal 
metabolic rate is reported as not proportional to the increase in the 
blood volume. 

SUIIMARY 

Capillary counts were made in an area of approximately 2 sq. mm. 
in normal controls and in hyperthyroid patients. The area chosen was 
the extensor surface of the foreann midway between the elbow and 
■wrist. Capillary counts were made in the same area before and after 
pricking histamine into the .skin. ’While absolute counts in different 
patients cannot be directly compared, per cent increase in the same 
patient is considered significant. Of the sixteen hyperthyroid pa- 
tients, the increase averaged 16 per cent, of the fourteen controls, 120 
per cent. 

It is suggested that in tlie hyperthyroid state an increased dilatation 
of the cutaneous circulation assists in the loss of heat by the body. The 
degree of dilatation is not related quantitatively to the height of the 
basal metabolic rate, however, 
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THE TREATMENT OP SCLERODERMA BY MEANS OF 
ACETYT^ BETA METHYL CHOLINE CHLORIDE 
(MECHOLYL) IONTOPHORESIS^^ 

A. Wilbur Duryee, M.D., and Irving S. Wright, M.D. 

New York, N. Y, 

T he object of tliis, report is the presentation of a new method of 
treatment of the condition commonly knovTi as scleroderma. A 
survey of the literature malces it apparent that this is a diagnostic term 
which is rather loosely used. European writers for the most part de- 
scribe scleroderma vernm as a disease primarily involving the torso and 
proximal parts of the extremities. Acrosclerosis is the term applied to 
a condition manifesting similar skin changes but primarily affecting the 
distal parts of the extremities and always associated with vasomotor dis- 
turbances. , Sellei^ attempted in 1934 to differentiate between these two 
conditions. In this country the term scleroderma is customarily used 
to include both processes. Brovm, 0 ’Leary, and AdsoiP’ ^ in their re- 
ports of 1930 group their cases of acrosclerosis under this heading. 

Sellei believes that the true scleroderma, as he classifies it, has a 
definite etiology in deficient pancreatic function and he reports almost 
100 per cent success in treating these cases over a period of two years 
with extracts of pancreas, muscle, and liver. Other writers^‘^° in discuss- 
ing treatment usually refer to those eases in wliich a vasomotor disturb- 
ance is present and more than one-half of the recommended therapy is 
based on an attempt to improve the circulation to the skin. The arterial 
sympathectomy of Leriche and the ramisection and ganglionectomy of 
Brown and Adson are attempts in this direction. Another group of 
workers have approached this problem from the viewpoint of possible 
endocrine, pathology and consider that the vasomotor disturbances and 
the calcium imbalance which are present are due to dysfunction of the 
adrenal, pituitary, thyroid, or parathyroid glands. Bernlieim and Gar- 
lock,^^ and Leriche and Jung^’ have reported some success following 
partial parathjToidectomy. OsleH^ reported a series of eight cases im- 
proved by the use of thyroid extract and one of the authors of this paper 
has seen a ease improve during the use of anterior pituitary therapy. 

It is apparent that since success has been reported following these 
various forms of therapy in all probability the cases treated had 
different etiologic backgrounds and it may be proven in the future that 
the pathologic condition of which we are speaking is a syndrome pos- 

■Read before The American Heart Association, Section for the Study of tlie Periph- 
eral Circulation, . at Atlantic City, N. J., June 7, 1937. 

, *Prom the Vascular Clinic of the Department of Medicine, New York Post-Gradu- 
ate Medical, School and Hospital of Columbia University. 

603 



604 


THE AMERICAN HEART JOTJENAI. 


sibJj^ resulting from several causes. In tlie experience of the authors, 
however, improvement ivitli any previous treatment has been rare. None 
of the patients reported in this paper had shown even moderate improve^ 
ment prior to their appearance, although their treatment included a 
wide variety of therapy such as noted below. 

We shall not attempt in this paper to discuss the possible mechanisms 
involved in the production of this syndrome. The held has been ad- 
mirably covered by Ijcavis and Landis’" and more recently by Prinz- 
metal.” They have demonstrated the circulatory mechanics involved 
in scleroderma. Kemoval of the sympathetic control of the peripheral 
circulation by surgery in cases of a Raynaud’s sjuidrorae without 
scleroderma results in the release of spasm and an abundant blood 
^5tlppl3^ If scleroderma has produced a mechanical blocldng of the 
vessels due to the tension of the leathery skin, vasodilatation by removal 
of sympathetic control is impossible. 

It has been our experience that the relief of spasm by mecholyl 
iontophoresis in Raynaud's disease without scleroderma has been of 
only temporary value. However, as reported in this paper, in sclero- 
derma there appears to be a softening of tlic thickened skin as well as a 
vasodilatation. 

We are reporting herein a series of thirty-four patients with sclero- 
derma who have been studied by the stal? of the Vascular Clinic at the 
New York Post-Graduate Hospital. Of these all but one are patients 
with va.somotor distxu'bances and therefore should be cla.ssified aecoi’ding 
to Sellei as acrosclerosis. The first patient in this series was seen in 
April, 1933, and the majority of the patient.s were followed throughout 
1935 and 1936, Table T shows the distribution of those cases as to age, 


Table I 

ScLEP.omxstA IX 3-1 Pathtsts 


AGE 1 

Eight j-eara to 61 — .Average— -37.0 years 

SEX 

Eiglit males, (2.>.5 per cent ) — 26 females, (76.5 per cent) 
America — 25 

BIRTHPLACE 

DURATION or 

Russia — 3 

Italy — 3 

Germiiny — 3 

Three months to ISO months — Average — 59.3 months 

SCLERODERMA 


COMPLICATING 

32 definite — 2 doubtful 

ratxaud’s 


AVERAGE DEGREE OF 

Av. -r+ to 

DLSABILirr 

Range (+ slight to -f -r + -f complete) 

BTXIOD PRESSUP.E 

90/? to 164/92 


sex, nationalit 3 *, duration of the illne.ss, and the average degree of 
disability. Twenty-six (76.5 per cent) were in females, and this corre- 
sponds to the sexual ratio of Rajmand's sjmdromc. The average age 
of the patients treated was 37.9 years, the extremes were eight and 
sixty -one years. This approximates the usual age incidence of vasospastic 
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diseases. The average duration of the history of selerodermal changes 
was 59.3 months, tlie extremes were nine months and fifteen years. 
Oecnpation apparently had little or nothing to do with the etiology. 
Hands were much more frequently involved than feet and disability 
ranged from total incapacity for activity to a slight stiffness of the 
fingers. Capillary examinations in most individuals in which the skin 
changes permitted visualization of the vessels, showed large dilated loops 
typical of a Raynaud’s s^nidrome. Seventeen of the patients had de- 
veloped trophic ulcers. None had gangrene involving more than tW'O 
square centimeters of surface area. 

The use of various choline derivatives, especially acetyl beta methyl 
choline chloride (mecholyP) in the treatment of certain peripheral 
vascular diseases including preliminary data dealing with scleroderma, 
has been previously reported from om* clinic.^®.’ It was noted that 
in some patients there was a definite softening of the thickened skin 
following the prolonged use of tliis substance by iontophoresis. This 
drug is absorbed if used in the form of a solution on a bandage over the 
affected areas to which is applied the positive electrode of a galvanic 
battery. Sufficient of the choline (whether changed or unchanged) 
may be absorbed to produce systemic reactions during the course of the 
treatment, such as sweating, increased salivation, a drop in blood pres- 
sure, and frequent^ increased intestinal peristalsis. In the treatments 
reported in this study a one-half of one per cent solution of the drug was 
applied to the asbestos bandages, and about twenty miUiamperes of cur- 
rent were allowed to flow for twenty to thirty minutes during each 
treatment. Locally a marked vasodilatation occurs so that after the 
removal of the bandage an area of rubor persists for several hours wliich 
is accompanied by sweating. 

The teclinique has been described in detail in the above references.^®'^" 
One observation is worthy of note. The negative electrode is usually 
placed on the back of the patient. This pad is well moistened with tap 
water and is applied firmly to the body. Among the patients with 
scleroderma slight negative burns were frequently noted; while in treat- 
ing patients for other conditions they seldom occurred. It would seem 
that the skin of the former group is more sensitive. 

An attempt was made to treat parts showing marked changes in the 
skin typical of the pathologic condition. Because of technical difficulties 
certain areas on the face, neck, and trunk were left untreated. It was 
impossible to treat extensive lesions at one time and in patients having 
large areas involved more frequent treatments were given. The solution 
was applied to not more than two extremities on one day. Daily applica- 
tions 'were given in as many cases as possible but the majority of our 
patients received treatment two or three times a week. 

•The acetyl beta methyl choline chloride (mecholyP used in this study yras 
supplied through the kindness of Merck & Co., Inc., Rahway, N. J. 
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These patients have received Iroin 6 to 165 treatments. lat.tle, it 
any, results M'ere noted witli ]e.ss Hum 10 treatments. Some patients 
stopped after 30 or 40 treatments because the degree of improvement 
was satisfactory. It would seem from our observations that, probably 
50 treatments would be jicee.s.sary in mo.st instances and in the advanced 
forms of the disease 7na7iy more befo7'e a satisfactory result can be 
obtained. 

Patients in our series had ))reviously 7'cceived many forms of treat- 
ment with little or no .success. Case 21, showing marked improvement 
■with meeholyl iontophoresis, liad bad a parathyroidectomy atid a uni- 
lateral thyroidectomy a year pi-eviously with veiy .slight imp 7 -oveme 7 it. 
Cortical extract administered for two years had also been ineffectual. 
Case 23 liad liad a bieervieal .symt»atheetomy, li'ii)le typhoid vaccine, 
tissue extinct, atid glycine without i-e.sults. Tt was miorcslmg to note 
that she had been given ergot in spite of the fact that .she had a 
Raynaud's syndrome. 8he was skin-sensitive to meeholyl and therefore 
this form of therapy could 7iot be u.sed. Case 26 also received ergot. 
In addition .she was treated with intravenous sodium citrate, typhoid 
vaccine and diathermy, and a symyiathectomy. Two cases died cardiac 
deaths liefore sufficient therapy could be administered. One had mitral 
stenosis and was fibrillating, and tlic oilier liad arterio.selerolic heart 
disease. One other patient (Case 18) in our series died from Addison’s 
disease before any treatment was uistitutcd for the scleroderma. Two 
of our patients showing a pronoinieed Raynaud's .syndiwno atid excessive 
arsenic .secretion in the ui-inc were given a diet low in arsenic and injec- 
tions of sodium thiosulfate without improvement of the scleroderma. 
One of thc.se patie7il.s has ju.st started meeholyl treatment. The other 
has received over 100 t7’catme7it.s with veiy marked imj)roveme7it (Case 
19). 

Our criteria for classifying ])atieuls as “markedly imin-oved” arc as 
follows; 1. Restoration of practically normal function. 2. Healing of 
existing i7lee7-.s. 3. Softening and loo.scning of llie skin. 4. Return of 
.sweating and hair to the affected ai-cas. 5. Increased visibility of 
capillaries (not always 77oted). 


Tabue H 


Eesults op :Meciioetl loxTOrnoKESis Tue.\tmext op 27 Patients 
With ScEEP.oDERilA 


I.MPROVEMENT 

XUJIBEP. OP TKEATirnNT.S 

HKifAnKS 

Marked — 9 patients 

33 to 165 

Average 81.0 

No other form of therapy 

Sloderate — 7 patients , 

10 to 88 

2 received tissue 

Average 32.0 

Extract No. 568 

1 died jiDCumonia 

Total improved — 16 paticnt.s 


1 atj’pical 

.Slight or none — 11 patients 

G to 20 

Average 11.8 

1 result unknown 

1 by mouth 
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Patients classified as "moderately improved" have shown a definite 
approach toward the above listed criteria. Those showing only slight 
n’csponse to therapy have been included in the unimproved group. Table 
II summarizes the results of treatment. All cases receiving 30 or more 
treatments showed either, marked or moderate improvement. Cases 
showing no improvement were noted to have received 20 or fewer treat- 
ments. An atypical case did not respond to this form of therapy. 

The following two typical cases of scleroderma are briefly summarized. 
They both showed marked improvement to mecholyl iontoplioresis. 

Patient L. C. — -Present Illness: A female, aged fifty years of Italian parentage, 
was first seen on March .3, 1934. She had complained of stiff and painful fingers 
and toes for five years with inability to do any form of work. After exposure 
to cold they would turn blue and become painful. This would disappear after five 
to ten minutes in a warm room. During the last two years the skin of the face 
had become stiff and motion of the jaws was limited. 

Past PListory.-r-PhoYe was no illness. She had had three normal pregnancies. 
Menopause had occurred six months before her first clinic visit. She has eaten 
1% pounds of rye bread daily for years. 



Pig. 1. Fig-. 2. 


Pig. 1. — ^Patient L. C,, maximum Anger Aexion before treatment. Marked trophic 
changes are present. 

Pig-. 2. — ^Patient L. ’C., maximum Anger Aexion after 170 treatments witli mechoJyl 
iontophoresis. 

Physical Examination . — The patient was a well-nourished, slightly obese Italian 
woman appearing about her stated age. The face was expressionless and wax-like. 
The nose was pinched and the upper lip almost immobile. The fingers were stubbed, 
the distal phalanges being shortened. Motion in all finger joints was nearly zero. 
Trophic changes were present over the tips of the fingers and the nails were 
markedly deformed. No ulcers were present when she was first examined. The 
toes showed slight changes of a similar nature. The skin was very tense and felt 
like leather. 

Capillary Microscopy.— The vessels were seen -with difficulty-, and were reduced 
in number. There were no dilated loops. There was a moderate rate of blood flow. 
The complete physical examination and routine laboratoiy tests were normal. 

Treatment . — ^Nineteen injections of acetyl choline 100 mg. each were gi\en in 
five months with very slight improvement. From September, 1934 to Slay, 19^^, she 
was given 170 treatments of mecholyl iontophoi'csis. Improyement nas marked. The 
patient could smile. Fingers could be flexed to almost a complete fist and she could 
do rdl of her household yy-ork. Some pain persisted, especially at the calcinosis area 
over the middle joint of the fourth right finger. Deformities yyere still present. 
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Fig. 3. — Patient L. C., x-ray films or the right hand showing atrophy of the 
terminal phalanges and calcinosis of the middle metacarpal joint of the fourth 
finger. 



Fig. 4 . — Patient L. C., masklike expression of the face due to the thickened skin. 
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Patient C. I). —Present Illness: The patient, aged fifteen years, American 
born of Italian parents, Tras first seen on May 12, 1936. She was transferred from 
another hospital where she had been treated for a hyperchromic anemia with 
accompanying symptoms of wealcness and exhaustion. Fifteen months before she was 
seen by our clinic there dereloped stiffness of the skin of the hands, arms, and neck. 
Axsenic was found in excess in the urine and foUouing sodium thiosulfate, 0.5 gm, 
three times a day by mouth, there was a marked improvement in the blood count. 



Fiff. 5. — ^Patient C. D., maximum flexion of lingers before treatment. 

Fig. 6. — Patient C. D., maximum flexion of fingers after 128 treatments witli 
mecholyl iontophoresis. 



Pig. 7. — ^Patient C. D., Note the pinched expression and the waxy character of the 

facial skin. 


:t rose from 2.3 millions on Oct. 27, 1935 to 5.1 millions on Dec. 17, 193o. The 
clerodermal changes however increased until, when she was seen in our chnic, they 
rere incapacitating. She could not hold anj-thing irith her hands and was unable 
0 dress herself. Cold aggravated her symptoms and induced cyanosis. 

Past Sistory . — ^Essentially normal. 

Physical Examination.-The patient was a fairly weU-nourished and mentally 
dert girl of fifteen years of age. The blood pressure was llO/SO; pulse, /2,- all 
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other findings likewise normal except for thickened leiitherj- skin over tiic face, neck, 
and liands. There were trophic changes over the knuckles and tips of tlie fingers 
with a few tiny active ulcers. Fingers couhl be only very slightly bent. 

Capilhiry Microscopy . — There were markedly dilated capillary loops with long 
j>eriods of blood .stasis. 



Ftp. S. Fiir. ’j. 


Ftp. 8. — Patient H. £5., ulcer on the tip of Uie index tinper compllcatinp .‘•cieroderma. 
Fip. S. — P;itlent H. S., nicer liejileU after 10" ireatmerits with inecltolyl ionto- 
phorc.si.s. Good function is pre.^ent. Xote the siiiny skin. 



Fip. 10. — Patient AP T.. scleroderma with atrophy, Xo Raynaud's syndrom^e is 
present The hands shew localized planues. There was no improvement wjth mecboJyJ 
iontophoresis. 


Treatment . — From Ahay 18, 39.^0 until ilay 3, 1937 she received 128 treatments 
of mecholyl by iontophoresis wdth marked improvement. During cold weather in 
January, 1937 slight ulceration re-occurred over several phalangeal joints. At the 
termination of the treatments (Alay, 1937) motion was sufficient for her to carry 
on nearly all activitie.?, including dressing. She could smile and oj)en her mouth 
wide enough to eat easily. 
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_ We believe that the usual need of an alternate case control series is 
not a requisite in this study for the following reasons. First, these 



•Fig-. H, — Patient M. T., scleroderma Avith atrophy. Face deformed by a lesion on 

the left cheek. 



Fig. 12. — Patient :^L T., scleroderma with atrophy. Isolated plaques on the ciiest 

and abdomen. 

patients do not tend to have spontaneous cures and a number of them 
had received prewous treatment of many types without results. Second, 
the psjrchic factor can be ruled out by the failure of previous elaborate 
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therapy, such as operative procedures. Third, previous .studies ivith 
galvanism, using water or saline, failed to show improved circulation. 
Fourth, results from gunglionectomy arc local and limited to the 
operated extremity, while meeholyl iontophoresis has .shorni softening 
of untreated areas. 

COaOlEN'T 

Many of the patients in our series arc still under treatment and it is 
likety on the basis of past experience that Ihe list of those “markedly 
improved” will be somewhat larger as further treatments are given. 
It should be noted that the improvement is not confined to the areas 
treated but is observed in all areas affected by the scleroderma. There 
has been a tendency in several of the patients to have slight relapsas; 
in each instance produced by some factor aggravating the Raynaud’s 
sjnidrome such as cold, emotion, or trauma. It is'-probable that some 
serious relapses will occur. Several of the early treated cases have main- 
tained their improvement without treatment. Case 1, having received 
eighty-five treatments, has maintained a satisfactoiy condition although 
his last therapy was given on lilarch 18, 1936. Case 10, after 34 ti-eat- 
ments showed marked improvement, and this has been maintained with- 
out further treatment since 1935. Jlany studies concerning both the 
disease and the treatment remain to be carried out. Blood calcium 
studies were done on some of the patients and for the most part showed 
normal figures. It is realized, however, that such figures arc of very 
slight significance and that calcium balance studies over a long period 
should be undertaken in certain of these patients. Studies for arsenic 
in the urine were done on many of the patients. Those showing excess 
amounts were given a low ai'senic containing diet and sodium thiosulfate 
intravenously without improvement. The endocrine studies were in- 
complete and we feel that in a careful case work-up these should be done 
in detail. There seems to be no connection between the use of tobacco 
and scleroderma, while the irse of ergot may apparently aggravate the 
disease. 

"We appreciate the obvious disadvantages of this form of therapy with 
its tecimical difficulties. For the past four and one-half years we have 
been endeavoring without success to utilize the choline derivatives bj^ 
other methods of administration.^® Intravenously meeholyl is exceed- 
ingly dangerous and its effects fleeting. Subcutaneously it is also not 
vdthout danger and its effects are short lived. Intranasally the risk is 
definitely lessened but the effects arc still too brief.”® Orally large and 
expensive doses are required. The effects arc more prolonged but fre- 
quently gastrointe<?tinal disturbances prohibit its use. Iontophoresis 
has advantages in that the maximum concentration of the drug may 
be obtained at the area most involved and that the action is prolonged 
over a period of four to eight hours or longer. It should not be used 
in any form without available atropin. The injection of Yido of ^ 
of atropin sulfate will produce a cessation of the meeholyl effects. 
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CONCLUSION 

A form of treatment lias been presented for patients suffering from 
scleroderma wbieb bas given encouraging results in those receiving 
sufScient therapy. No other form of therapy of which we have knowl- 
edge has produced as satisfactory results. It would appear that the 
improvement is due to an increased vascularity in the affected parts, and 
a softening of the thickened dermis as a result of vasodilatation produced 
by acetyl beta methyl choline eldoride, given by the method of ion- 
tophoresis. 

Diie acknowledgment is made for the technical assistance of Ellen McDevitt, 
B.S., and Elizabeth Mac-Lenathen, A.B. 
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FAINTING ATTACKS R15SULTING FROM HVPBHSlvNSITJ VK 
CAROTID SINUS HKFLKXKS^f 


Harhy ij . Smith, M.J). 

Kochhstkr, Mjxn. 

'^IlJillF i.s ]);irfJJy a eondiiion )» tlx- field of mcdieine thnt dijiturhs 
* n j)aljeJil or affects Ids j'ciicrnl tnoralc as iniieh as does the loss of 
consci oust less or a severe attack of v4‘rtii:o. Loss of eoiiHcioustu-ss. whieli 
is the result of various eause.s. is a relatively eonunou oeeurrcrice. In 
the past it has been the custoui to diagnose a large portion of attacks 
of unconsciousness as atypical forms of idiopatfde e]iih-[)sy or sinqiiy to 


Int. cor ot Id arteries 



KJc. 1. — Anterior rind pn«terior cJews ot iho r)Kht common cnrolld iirtcrj" at It.® 
bifurcation Into tiu>, cxicmnt ntnl internal carotid artrrbrs; the carotid sinus* nrfi“ars 
In the first portion of the Internal carotid artera' as a bulhou,® dflatatinn. 


group them under the general lieading of “uneon.sfions attacks.*’ Just 
a few year-s ago nneoii.seions spells due to hyperinsnlinism were grouped 
under this general heading. Now, tliere is sufficient knowledge of an- 
other type of unconscious attack.s to permit it to bo ela-ssifiod as a definite 
clinical syndrome and to be separated from the general “unconscious 
attacks.” This syndrome is characterized hy spontaneous attacks of 
uncon.seiou.sne.s.s and vertigo and may or may not he as-sociated with 

•From The Section on Cardiology. Ttie Mayo Clinic. 

•jRcad before the mcetintr of the Americjin Heart Af?.«ociation, Setitlon on Cardiac 
Disorders, at Atlantic City. X. J., .Tune S. 1937. 


C14 





SMITH: CAROTID SINUS SYNCOPE 


615 


mild convulsions due to li 3 ^persensitive carotid sinus reflexes. The at- 
tacks majr be induced bj’ making graded pressure over one of the carotid 
sinuses. 


ANATOMY OF THE C.-VKOTID SINUS 

In man and in mam^ animals the carotid sinus is a bulbous dilatation 
of the flrst portion of the internal carotid arter.v^ (Fig. 1). Tlie wall 



Fig. 2. — a. Section taken a' in b, sliowing wall of external carotid artery and 
wall of the carotid sinii.s; the media of the wall of the external carotid artery is 
thicker than the media of tlie wall of the sinus; the adventitia of the sinus appears’ 
thicker than that of the external carotid arterj-; stained with hematoxylin and eosin 
(X75) ; section through the external carotid and the carotid sinus of a white 
woman aged flfty-flve rears ; the carotid sinus is much larger than the external 
carotid arterj' at the same level; stained with hematoxylin and eosin (X7). 


of the carotid sinus is somewhat thinner tlian tlie wall of otlier portions 
of the arteiy. In the sinus the intiraa is practicall.v the same as the 
intima of the rest of the arterv.- The media of the sinus is thinner and 
contains more elastic tissue and less muscular tissue than the media of 
the rest of the artery (Fig. 2). The adventitia of the sinus is thicker 
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than the adventitia of the rest of the artery and contains special nerve 
cells called nerve receptors.- These nerv'c receptors are sitnated be- 
tween the layers of collagen. 

Innervation . — Investigators are not entirely agreed as to the com- 
plete innervation of the carotid siniisy*^ hut most of the outstanding 
investigators agree tliat tlie carotid smm is .supplied with branches from 
the glossopharyngeal, vagus, and cerdcal sjunpathetic nerves and occa- 
sionally by a few branches from the hypoglossal nerve. The branch 
from the glossopharyngeal neiwc is called the nerve of Hering.'^ 

THE rUXenON OF THE CAROTID SIXES 

It has been proved by physiologists that mechanical or electric stimu- 
lation of the carotid sinus produces a combined reflex or cardiac in- 
hibition and a fall in the systolic blood pressure, that is, the same effect 
that is produced by stimulating the central end of a depressor nerve.® 
It is believed that one of the functions of the carotid sinus reflex is 
concerned with the control of blood pressure, the heart rate, and the 
maintenance of an adequate circulation in tlie brain. It is thought by 
some investigators that an increase in pressure within the sinus will, 
by means of a reflex, cause a drop in blood pressure and a retardation 
of the cardiac rate and that a decrease in pressure within the sinus will 
increase the blood pre.ssure, accelerate the cardiac rate, increase respira- 
tions, and increase the secretion of epinephrine. 

I do not believe that all of the functions of the carotid sums are 
fully known. There is not a satisfactoiy explanation as to why carotid 
sinuses in some instances become hypersensitive, but there is no doubt 
that they do. 

ETjECTROCARDIOGRAAIS IX THE IXDUCED ATTACKS 

Stimulation of a sensitive carotid sinus induces striking changes in the 
cardiac conduction system.' The more important changes are sudden 
slowing of the heart rate, varying degrees of heart-block, and long 
periods of complete cardiac .standstill (Fig. 3). In about half of the 
cases observed at the clinic the cardiac slowing was sufficient to cause 
the fainting attacks; in the other cases the slowing was absent or too 
slight to be of any significance, 

RESPIRATIOX.S IX THE IXDUCED ATTACKS 

Stimulation of a sensitive carotid sinus by mechanical pressure pro- 
duces rather marked changes in respiration. In the severe attacks the 
breathing becomes deep and labored (Pig. 4). There did not appear 
to be a constant correlation between the labored breathing and the 
cardiac slowing and the fainting attaclis. 
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SYjMPTOMS and DUS.GNOSIS 

Carotid sinus syncope is miieli more common among males than 
among females. In the series of eighty-five cases observed at the clinic the 
ratio of males to females was 5 -.1. It is most common among middle-aged 
persons and elderly individuals and is rare among young persons. In 
this series of eases tlie oldest patient was seventy-eight and the young- 



Pig-. 3. — Electrocardiogram (Lead II) for a man aged fifty-nine years ; A, B, 
G, D, E, and F represent continuous tracing ; first aiTOW indicates beginnings of 
pressure on the right carotid sinus ; subsequently, cardiac standstill of G.6 sec. 
with development of a convulsion at third arrow ; idioventricular rhythm shown be- 
tw'een 'first and last arrows. 



Pig. 4. — ^Respiratory response to carotid pressure in a_ man aged sixty-four years: 
A to R represents normal respirations ; first arrow indicates pressure on the right 
carotid sinus ; respirations became slower and deeper and patient became unconscious 
at second arrow and regained consciousness at third arrow. 


est was twent 5 ’'-eight years of age. The average age of the patients 
was fifty-six years. The chief symptoms were attacks of vertigo and 
spells of unconsciousness; mild convulsions may he associated with the 
sjmcopal attaclis. A definite aura is usuallj^ present; this consists of 
wealniess, lightheadedness, spots before the eyes, and epigastric distress. 
Patients often turn pale, xierspire profusely, and complain of sensation 
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of miiiibiJOHS in thii i-xlrotnifics. Durintr Kic iirt<>on.«-5o!j.s .'itljidcs thf' 
])U])iIs UKUaily (iilaic-. rhiri!i;„' ouif of tfio ni<ly<:of| alt.'O'k.s tinyr; a 
definite exophtlnihiioH whieh m-edcd fjnieldy at the U-nninatitni of ilo- 
attack. The vertitro tisually eomes on in the allar-i;«, the patient hiini; 
nHiinlly free from di/zineKH between the ntfaeks. Durintr the a'tnefw of 
vertigo patients often statr^er and oeeasionaHy faU. The at !a»-ks of nneon- 
seiousness usually last from a few si'eoiuls to fifteen or twenty minutes; 
the avernoe altaek lasts one fo four minutes. Tiie sponfatieous atSaf-kH 
of nneotiseionsm-ss praclieally always weur when the pfitienj is either 
-sittiiio or standiu” and rtirely when the patient is iyinsr down. Attaeks 
of faintino oeeasionnlly are preeipitatofl by ebanitinir the i.iOHitifiji of 
the body, tnrnintr Ifie head to the riyhi «>r left, or lookint; upward. Any 
pressure on the tus-k. sueh as ti^ht eoliars or earryinj; .saeks of irtain 
on the shoulders, itb.o may hriny on attiiek.s. It is eommon for spells to 
oceur in barber ehains when towels are jihieed ratlier tiyhtSy arontid 
the {uitient's neek and wlieti the patient <-hanyt/s the pcisition of his 
body ratiior «)ulekly. In most itislanees, the preeipifatiny faefors itt 
llio spontaiiHnis attaeks are unexplained. 

nnoon I'lJt^ssiiu; tu niNo tuk .vrrA<:K< 

There has not been an ade-quate stuiiy of tlie blood jmessure duriny 
spontaneous attsieks. In the indueed attaeks tin- hlotKl pre.ssure nsuriliy 
deeretises; this decrease v.-tries from a sliyhl to a seven* depression 
of blood jiresstire. The fall in blood pr(*s.sure was greatest in ensc^s of 
hypertension. Iti a few instanees there was a sHyli! ris*- in blood jme.s- 
sure duriny the induced attaeks. 

In the attaeks of uneonseiousness the patient may iiave a mild n 
.severe eonvnl.sioti. Patients praetieally never bite their tonyue.s or liV'C 
control of their .sphineteix Tlie induced attaeks are usually of .shorter 
duration than the .spontaneous ones. Tiie diaynosis is made from the 
history and by imiueiny an identical attack by makiny ynided {ue-ssure 
on one of the candid sinuse.s. It .sliould not be nH*e.ss.'try to itiduee nx\ 
attack by makiny pre.s-sure on both sinuses at the same time. 

TKCIINIC T-X KXA.MIN1NO J'ATIKNTS VOK H VI'KKsKSsitIVI: r.SlIOTIU SINT'.s 

The jiatient should preferably be in a sitliny position, with the head 
tipped sliyhtly backward to one .side and awa.v fnan the side beiny 
examined. The sinus is u.sually situated jast below the anyle of the 
jaw and at the level of the ujqier ])order of the thyroid e;irtiiaye. The 
situation is somewliat variable, however. The carotid bulb frequently 
can be definitely palpated. Pres.sure is made with the Ihiimb, compres- 
siny the .sinus ayainst the .s})inal column. The eharaeteristic response 
v,ill Ti-sually occur in ten to t%venty-five seconds. Tills depemls on the 
efTleiency of the examiner and the sensitivity of the sinus. 
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TREATMENT 

111 a certain portion of the cases the symptoms are mild and the 
attacks occur so infrequently that no treatment is required. In cases 
in -which the attacks are moderately severe, the patients are advised to 
avoid turning their heads quickly, looking upward and stooping’ sud- 
denly; they also should avoid any constriction on tlie neck, especially 
tight collars. 

The drugs that are usually recommended are ephedriiie, epinephrine, 
benzedrine, and atropine. In my experience, drugs have not proved 
particularly satisfactory. 

Operation is the treatment of choice in cases in which the attacks are 
moderately severe or severe. The operation consists of denervation of 
the carotid sinus and portions of the common, external, and internal 
carotid arteries. 

Prognosis . — This is not a killing disease. I do not know of a proved 
case in which the patient died in an attack. As far as recovery is 
concerned, patients may have these attacks for many years. 
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THE USE OF QUINIDINE SUJ.PATE INTRAVENOUSfA' 

IN VENTRICULAE TACHYCARDIA^ 

John Hepbl'iix, M.B., F.R.C.P.(C.), anu 
11. E, Rykert, M.D., M.R.C.P. 

Toronto, Ontario 

P AROXYSMAL ventricular tacliyijardia oecur.s very infrequentb’- 
and, with very few exception.s, appeals in patients ivith .serious 
structural heart disease. Its appearance is often an indication of an 
impending fatal termination. In these rc.specls it differs entirely from 
paroxy.smal auricular tachycardia which is of common occui’rcnce, 
rarely appears in people with structural heart damage, and seldom 
turns the scale against the patient. 

Of this series of 26 cases of ventricular tachycardia two are from 
the private records of Dr. J. A. Oille and the remaining 24 are from 
the wards of the Toronto General Hospital. These 24 cases occuiTed 
during the past seventeen j'cars and show the rarity of ventricular 
tachycardia, as during that time electrocardiograms have hcen done on 
12,000 patients having or .suspected of having heart disease. Cardiac 
infarction was the diagnosis in 12 of the 26 ea.ses, the infarction having 
oeem’red from a few hours to several weeks before the onset of ven- 
tricular tachycardia. Pour were ea.se.s of degenerative heart disease. 
Two patients were suffering from hypertensive heart disease, one of 
them also liavdng uremia. Chronic rheumatic heart disease accounted 
for three cases. Too liberal administration of digitalis may have been 
the cause of the ventricular tachycardia in three cases, as the tachy- 
cardia was preceded by frequent extra.sy^stoles and cleared up on 
stopping the digitalis. However all three died a few days later. 
Ventricular tachycardia appeared in a case of chronic rheumatic heart 
disease and in a ease of hyperthju’oidi.sm, both of which were being 
given quinidine sulfate by mouth in an attempt to clear up auricular 
fibrillation. We believe that the ventricular tachycardia in these two 
cases was due to quinidine sulfate administration. 

Definite structural heart disease was present in all the cases except 
the hyperthyroid case, a man of thirtj'-five who was being given 
quinidine by mouth preoperatively for auricular filirillation. We no 
longer use quinidine preoperatively in cases of hyperlhj’roidlsm for 
t^vo reasons: normal rh^fflim is likely to reappear followng opera- 

•From the Department of Medicine. University of Toronto, and the Medical 
Service, Toronto General Hospital. 

Read before the American Heart AssociaUon, section on cardiac disorders, at 
Atlantic City, N. J., June 8, 1937, 
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tion, and -vvlien anrienlar fibrillation has been stopped preoperatively bj’ 
qninidine the fibrillation frequently reappears folloYring operation. 

"We. have included no eases in which the paroxysms of tachjmardia 
were of brief duration. In several of these cases the paroxysms lasted 
for several days continuously. Only cases of longer duration are con- 
sidered because of the imiDossibility of evaluating the results of any form 
of treatment in paroxj'smal attacfe of any kind, particularly if the 
paroxysms are of short duration. 

While ventricular tachycardia can often be recognized clinically, the 
diagnosis was made or confirmed in aU our eases electroeardiograpliieaUy. 

It is well recognized that digitalis, mecholyl, and carotid sinus stimula- 
tion have no effect on ventricular tachycardia. The attacks either 
end spontaneously or are stopped by qninidine sulfate. We have tried 
digitalis, mecholyl, and carotid sinus stimulation on several of the cases 
without any results. 

The onset of A’cntricular tachycardia is often accompanied or followed 
by a profound degree of shock, as evidenced by marked fall in blood 
pressure, cyanosis, dyspnea, nausea, vomiting, and even coma. Nine 
of our patients were severely shocked, while the remainder appeared to 
be little if at all upset by the ventricular tachycardia. Seven of the 
9 cases sliovnng marked shock had had cardiac infarction recently or 
fairly recentljL. The diagnosis in the otlier two cases was hjqDertensive 
heart disease with uremia in one and degenerative heart disease in the 
other. 

The fact that a marked degree of shock accompanied ventricular 
tachj'cardia, in only 9 of the 26 cases natural!}* raises the question as to 
whether the shock was due to the ventricular tachycardia oi to the 
underlying heart condition. The immediate and invariable improve- 
ment in the shocked patients on the restoration of sums rhjfihm strongly 
suggests that in these cases at any rate the shock was due in part at 
least to the abnormal rhjdhm. 

Prior to 1931, when we began to use quinidine sulfate intravenously 
in cases of ventriciilar tachycardia, all our cases showing this rhytlim 
died within a few days of the onset of ventricular tachycardia, with the 
exception of the cases hi which the ventricular taclijcaidia vas ue to 
quinidine given to clear up auricular fibrillation. 

Quinidine sulfate was used intravenously only when shock was severe 
and vomiting made the oral administration of the drug impossi e. 

Admhmtraf 1071 — Quinidine suKate is relatively msoluble in water, 
and we have found that it can be dissolved more readily m 5 per cent 
glucose or in normal saline solution. By vigoions siaan^ • 

grains can be dissolved in 500 c.c. of 5 per cent glucose. The solution is 
then filtered and given inti-avenously, slightly vnimed, at the rate of 
100 to 120 c.c. an hour. Wliile it is being administered, blood pressure 
readings are taken frequently on the other aim. 



622 


THE A:MEl{ICA>r HEART JOURXAE 


We have given quinidine suli’ale intravenously to 9 patients, one of 
them receiving a dose on tiii'ce different admissions. One ease, a man of 
tliirty-six, was admitted two weeks after an attack of coronary throm- 
bosis. On the day after admi.ssion he developed ventricular tachycardia 
and his blood pressure fell to 90/78. Carotid sinus stimulation was tried 
on both sides without effect. Inti-avenous quinidine sulfate was then 
started and after 9 gi’ains had been given he complained of low sternal 
pain, became re.stlc.ss and more cyanosed, and his blood pre.s.sure fell- to 
70/?. Quinidine was di.scontinued and eoramine given intravenously 
but the blood pressure continued to fall to 50/?. Fifteen gj-ains of 
caffeine sodio-benzoate intravenously brought the blood pre.ssure up to 
104/76 in five minutes and his dy.spnea, color, and pain improved. 
Next day, ventricular tachycardia still being present, digoxin and 
strophanthin were tried unsuccessfully and, vomiting being no longer 
present, he was given quinidine sulfate by mouth, 10 grains hourly for 
three doses. After an interval of three hours the .same dose wa.s repeated 
and on the following morning normal rhythm wa.s pre.sent. 

This is the only ease in which quinidine sulfate intravenou.sly seemed 
to have an adverse effect, but the subsequent progress of the patient 
has been satisfactory as he is well and at work two and a half yeans* 
later. 

A fairly tj'pieal case v.'as H. N., a male aged thirty-five years, admitted 
July, 1935, with the following hi.story. On the day before admi.ssion he 
had severe epigastric oppre.ssion with heart pounding and several 
.s^'ncopal attaclcs and vomiting. He was admitted to hospital deeply 
unconscious, with Cheyne-Stokes re.spirations and cyanosis and appeared 
to be moribund ; blood pre.ssure 60/0; heart rate 230, Electrocardiogram 
showed ventricular tachycardia. By the time intravenous quinidine 
sulfate was started his heart rate was 250; in twenty minutes his heart 
rate was 160 and blood pre.s.sure 94/60; in one hour the rate was 140 
and blood pressure 100/70; in one hour and thirty-five minutes the rate 
was 72 and blood pressure 114/80. He received 17 grains of quinidine 
sulfate and was conscious and comfortable before the intravenous in- 
jection was discontinued. A few days latei* ventricular tachycardia 
reappeared, with a heart rate of 250, but without vomiting. He was 
given two do.ses of 15 gx-ains of quinidine .sulfate by mouth and during 
the emsuing three hours his heart rate fell : 250 — 200 — 160 — 80. Elec- 
trocardiograms showed changes typical of coronary thrombosis. After 
six weeks in bed and a few weeks convalescing be returned to his former 
work and was still well in June. 1937. 

This case was exceptional in that the heart rate was much fa.ster 
than in the others in which it usually ran from 160 to 180 per minute. 

The average amount of quinidine administered to the patients in this 
series was .sbghtly less than 20 grains. One patient received 35 grains. 
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Of the 9 patients treated intravenously since 1931 three are dead, one 
succumbing to another attack of coronary thrombosis two weelvs after 
the ventricular tachycardia. Another had liypertensive heart disease and 
the ventricular tachycardia had been present for two days before 
quinidine was used. After 20 grains intravenously, ventricular tachy- 
cardia stopped but the patient died of uremia a week later. The third 
fatal case was that of a man who since 1931 had six admissions to the 
hospital for attacks of coronary thrombosis. On five of the admissions 
ventricular tachycardia was present. On three occasions he seemed 
moribund, was pulseless, and received quinidine sulfate intravenously. 
On two occasions the ventricular tachycardia was not accompanied by 
severe shock and quinidine sulfate was given by moutli. He died in 
December, 1935, and the autopsy showed extensive sclerosis of the 
' coronary arteries, the left anterior descending branch being a double 
vessel with reeanalized thrombi and recent thrombi, and old and recent 
infarcts of tlie apex of the left ventricle and adjoining septum. The 
remaining six patients are alive. 

The fate of the 17 cases of ventricular tachycardia not receiving 
quinidine sulfate intravenously is of interest. Three are alive, the other 
14 haying died within fifteen days of the onset of ventricular tacliycardia. 
Of the 3 who survived, two were the cases in which ventricular tachy- 
cardia was believed to be due to quinidine sulfate therapy for auricular 
fibrillation. The third was a case of coronary thrombosis. Ventricular 
tachycardia appeared twenty-six days after the coronary thrombosis and 
was accompanied by a slight fall in blood pressure. The ventricular 
tachycardia disappeared after one dose of quinidine sulfate by mouth. 

SUJIJIARY 

Ventricular tachycardia is at times accompanied by shock of such 
severe degree that the patient appears to be moribund. This state of 
shock is due, in part at least, to the ventricular tachycardia, as improve- 
ment is marked when normal rhj’thm is restored. 

. We recognize the difficulty of evaluating the treatment of any 
paroxysmal affection, but Avlieii six out of 9 cases treated intravenously 
are alive for periods up to four years, and only one of the remaining 
17 cases lived longer than fifteen days (omitting the two cases due to 
quinidine administration), we feel that the administration of quinidine 
sulfate intravenously may be life-sa\’ing. 

We suggest that the intravenous administration of quinidine sulfate 
be restricted to cases of ventricular tachycardia in which shock and 
vomiting preclude the oral administration of quinidine sulfate. 
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Lendle, L.; The Factors Involved In the Action of K-Strophanthidln (Distribution, 
Elimination and Cumulation) and the Bilcctivencsr, of Several Strophantliidin- 
Ester Combinations. Arch. f. exper. Path. u. Plmrmakol. 182: 72, 39.10. 

J'lstcr combinations of K-sfropUantUidiii Avere as eiTcctiA'c on the fro;x as the genin 
but only one-half to one-third as cfrocliA-c as llic gluco.^ide. Even the most active 
ester combination (isoA-aleryl ester) is le.ss effective tlian 7v-strophanthin in vvarm- 
blooded animals. The lethal dose given of the gonin subcutaneously is five times 
the doses used intnivenously, whereas in the ea.se of the gluco.side, the .‘••ubcutaneoti.s 
lethal doses arc only twice the intravenou.s. It aacis found that 12.1 per cent of the 
fatal do.se of the glueoside is excreted per hour while 25 i>er cent of the fatal dose 
of the genin is excreted per hour. One-tenth of tlie total fatal dose of gluoo.side is 
bound by the licart, the genin is apparently bound in tlio same proportion.^. 

The smallest cumulating dose of tlie gonin i.s 15 to 20 per cent of the fatal dose 
whereas for the glueoside, it is 7 to 10 per cent. 

Those studies indicate that the difTerence botAvecn glueoside and genin i.« only a 
quantitative one. 

L. X. K 

Dieckhoff, J.; Power of the Heart With, and Without Hypertrophy With Aortic 
Insufficiency as Determined in the Heart-Lung Preparation. (The Action of 
Digitalis on Such Preparations.) Arch, f, exper. Path. u. Pharniakol. 182: 
208, 1930. 

The production of aortic in.sufficiejicy in the cat heart cause.s -a decrca.scd dura- 
tion as compared to the normal heart of the viability of the heart when u.«ed 
under strain in the heart-lung preparation. The power of the aortic insufiieicncy 
heart is decreased also. This effect is found during the first si.xty days following 
aortic insuluciency. Hearts having this lesion for one hundred to one hundred 
and fifty-four days and .shoAviiig marked liA-pcrtrophy approach the normal pOAver in 
the heart-lung preparation. The use of an artificial valve to prevent an aortic 
leak restored the nonhypertrophied heart to normal power. In the Inqiertrophied 
heart the artificial A-alve makes the heart more efficient than normal. Preliminary 
digitalization of the heart with aortic insufficiency makes it more pon-crfnl. 

L. X. K. 


Straub, W., and Sebolz, J,: Studies on the “Vagus Substance,’’ Arch. f. exper. 
Path. u. Pharniakol. 182; 331, 193G. 

A new method of studying humeral transmis.sion of vagus action is described. The 
inhibition of esterase by pliysostigmin and prostigmin is demonstrated. Hydro- 
cyanic acid has a similar action. All three substance.', therefore, enhance the effect. 

L. X. K. 
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Priedricli, L. V.: Is Heart Action Influenced 1)7 tlie Gastro-Intestinal Tract? 
Arcli. f. Verdammgskr. 60: 67, 1936. 

In cases of patients •w'itli either normal or diseased hearts, distention of the 
gastrointestinal tract Avith air or other gases has no influence on the heart rate or 
the blood pressure, except when the diaphragm is elevated. Under the latter 
circumstance, pain may occur. 

L. K K. 

Zaeper, G.: Measurement of Pulmonary Blood Plow. Beitr. z. Edin. d. Tuberk. 88: 
79, 1936. 

A method is presented for clinical use based on the Pick, principle. Alveolar 
air and saturation of the blood are used in calculating the A-V O, diiference. 
This and the O, consumption per minute is the basis of flow determination. Four 
trained individuals had a minute volume flow of 20.8 liters on the average. Five 
untrained indndduals had a minute A^olume flow of 28.2 liters. 

L. K K. 

Lucadou, W. v.: The Adrenals in Chronic Heart Involvement. Beitr. z. path. 
Anat. u. z. allg. Path, 96: 561, 1936. 

The medulla of the adrenal is hj*pertrophied in chronic cardiac patients whether 
renal or essential hj’pertension is present or not. In patients with chronic 
nephritis and hypertension, an increase is shown in the size of the adrenal cortex 
as compared to those without these complications. 

L. H. K. 

Pfuhl, W.: The Manner in Which Heart Action Is Assisted by Intrathoracic 
Suction. Deutsches Arch. f. klin. Med. 179: 247, 1936. 

The filling of the heart is aided by an elastic puU of the lungs. This is 
equivalent to a pull of 3 to 5 kilograms during normal breathing. It acts on the 
auricles during ventricular systole, on the ventricles during auricular systole and 
bn the whole heart during diastole. Part of ventricular systole is used to augment 
this lung suction power. 

L. H. K. 

Gurewitsch, J. B.: Variability of Heart Size. An Investigation of 193 Pairs of 
Twins. Portschr. a. d. Geb, d. Eontgenstrahlen 54: 62, 1936. 

The ages of the twins studied were from four to eleven years. It was found 
that size, weight, and chest diameter have an equal effect on lieart size, but their 
effect is not great. Previous disease (one and one-half to two years before ex- 
amination) such as scarlet, diphtheria, and typlius have no effect. 

L. K e:. 

Seekles, L.: Action of Magnesium on the Heart. Klin. Wchnschr. 15: 1434, 
1936. 

Tachycardia, block, and standstill occur following the intravenous use of 
calcium chloride in veterinary fields. The use of magnesium chloride in the 
proper dose avoids the danger of block and standstill, the ratio being 4 parts of 
calcium to 1.5 of magnesium. 


L. K. K. 
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ABchenbrenner, B,: The Digitalis Electrocardiogram. KHn, 'VVchri.schr. 15: 1039, 
193G. 

The depression of tlie S-T segment following digitalis is attributed to a slowing 
of ventricular conduction. Stroplianthin as distinguished from other digitalis prep- 
arations does not change the S-T segment ; this is thought to indicate a less marked 
effect on conduction by thi,s drug. 

L. X. K. 


Schwingel, E.; Value of the Initial Complex of the Electrocardiogram as a Test 
of Heart Eimction. Ztschr. f. d. gcs. cxper. Med. 98: 539, 19.36. 


In normal persons exercise causes a decrease in QKS duration, 
heart disease QRS dur.ation is increased with exercise. 


In patients with 
L, N. K. 


de Chatel, A.: The Abnormal Deviations of the Pinal Complex of the Electro- 
cardiogram in Local Leads, ITT. Ztschr. f, d. ges. exper. lied. 99: 207, 1936. 

The effect of cardiac dilatation on the T-wavc was determined. The dilatation was 
produced in. the dog Iw compression of the aorta or the pulmonary artery. Dilatation 
of the right ventricle makes the T negative and dilatation of the left ventricle 
makes the T taller. Local (unipolar) leads show that this is due to earlier deactiva- 
tion of the dilated chamher. 

L. X. K. 


Schlomka, G-., and Eeindell, H,: Concerning the Clinical Electrocardiography. V. 

The Changes in the Curve With Shift Prom the Eeclining Position to Standing. 

Ztschr. f. kiln. Med. 130: 313, 19.36. 

The authors found that not only does the pulse accelerate on standing up, but 
QBS becomes smaller and T becomes notched or diphasic. At times, the electro- 
cardiogram may resemble that in coronary occlusion when the subject stands up. 
The.se are reversible changes, reaching a maximum in 8 to 15 seconds and u.sually 
receding after a few minutes. Despite acceleration of the heart, systole may not 
shorten in duration. Changes are due in part to a lack of blood supply to the heart, 
following redistribution of blood on standing up and in j)art to stimulation of presFor 
nerve receptors. The degree of change in the electrocardiogram i.« a function of the 
state of the heart and the electrocardiographic changes on standing up may be 
used as a functional test of the heart. Its importance in aviation is emphasized. 

L. X. K. 

Paleiro, A.; Electrocardiographic Diagnosis of . Ventricular Hypertrophy. I. Left 

Ventricular Hypertrophy. Ztsclir. f. klin. Med. 131: 14.7, 1936. 

The author determined the potential quotient (Groedel’s method) from the ratio 
of the major upward deflection of QKS in a jirecordial lead over the left parasternal 
line and that in the precordial lead over the left inidaxillary line at the level of the 
xyphoid. This ratio was never more than 2.3 in males and 2.6 in females with 
normal hearts (250 cases) or heart disease without hypertrophy (140 eases). In 
left ventricular hypertrophj' 80 per cent of the (41) cases had values over 2.5 in 
males and 3.0 in females. Cases with right ventricular hv-pertrophy (10) had values 
less tlum 0,8. This method, according to the author, is thus of value in detennining 
hypertrophy. 


L. X. K. 
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Paleiro, A.: The Localization and Prognosis of Anterior Wall Infarction With the 

Aid of the Electrocardiogram. Ztschr. f. klin. Med. 130: 808, 1936. 

The author reports 50 cases of anterior wall infarction and 30 of posterior wall 
infarction. The precordial lead from the apex showed a mainly or entirely inverted 
initial deflection in 20 of the anterior infarcts and in all eases of posterior infarction. 
In the test of the anterior infarcts the QBS was positive with or without an initial 
negative phase. In 12 of these an apical infarct was demonstrated postmortem. In 
80 instances without infarction, the QRS was inverted except in 5 cases of riglit 
ventricular hj-pertrophy in Avhich the QES was upright. In 29 cases of apical infarct 
precordial leads from the fourth intercostal space to the left of sternum, 27 showed 
an absence of the initial phase of QRS; in the others it was small. 

‘ L. N. K. 

Eiseman, Joseph E. F., and Brown, Morton G.: Medicinal Treatment of Angina 

Pectoris. Arch. Int. Med. 60: 100, 1937. 

The use of flfteen different drugs in the treatment of twenty-six patients with 
angina pectoris was studied. Each drug was given several times a da}' for at 
least a week before its effect was evaluated. The efficacy of treatment was ascer- 
tained by the usual clinical methods and also by determining how much work, under 
standardized conditions, the patient could perform before pain developed. Control 
observations were made to differentiate between spontaneous remissions and im- 
provement due to treatment. 

The patient’s estimation of therapeutic benefit indicated tliat all the drugs were 
approximately equal in value. Placebos were just as often beneficial as other 
medicaments. 

The exercise tolerance test revealed that patients whose treatment consisted 
of lactose, sodium bicarbonate, potassium iodide, or tissue extract were unable to 
perforin any more work than was possible without medication. 

Glyceryl trinitrate given before work was undertaken prevented attacks and 
enabled many patients to do considerably more work. This prophylactic effect 
was often of relatively short duration, but attacks were prevented for as long as 
an hour in many cases. Such patients could be rendered completely free from attacks 
in daily life bv taking glyceryl trinitrate at hourly intervals. For all practical pur- 
poses small doses (%oo grJiin, or 0.1 mg.) were as valuable as larger doses and 
were attended by little discomfort. 

One-half of the patients were benefited by either aminophylline or quinidine 
sulfate. Aminophylline had to be given in doses of 3 grains (0.2 gm.) to be 
effective. 

Theophylline calcium salicylate, erythrol tetranitrate, and atropine sulfate were 
■ often of value ; occasionally they benefited patients not helped fay either aminophylline 
or quinidine sulfate. The doses of atropine necessary frequently caused discom- 
fort because of side reactions. 

Codeine sulfate and phenobarbital rarely enabled the patient to do more woA 
before pain developed, but these sedatives appeared to be of aid as an adjunct in 
the treatment of the patient. 

. Sodium nitrite and small doses of dinitrophenol were only rarely of benefit. Other 
more effective drugs are available, and dinitrophenol, even in the .small doses used, 
occasionally gave undesirable side reactions. 

Digitali^was rarely of value and frequently caused a striking increase in 
anginal attacks. 

Author. 



628 


Tllli: A:MKinCAN hioaiit jouknai. 


Battro, A., and Braun Menendcz, E.: Electrocardiographic Studies of Mitral 

Stenosis. Bev, argcnl. <le cnrdiol. 4: 1, 1P.37. 

Simultaneous records of venous jmlsc, heart sounds^ and electrocardiogram in 
15 eases of mitral stenosis allowed the following eoncliisions: 

The diastolic murmur, in cases of sinus rhythm, is definitely reinforced, during 
the rapid ventricular inflow and during auricul.'ir systole; in cases of auricular 
fibrillation the second reinforcement (presysfolie murmur) is Inching, and the diastolic 
is so brief llial it may simulate a sound. If the heart action is rapid, it occupies the 
whole diastole, and gets so close to the first heart sound that it may be clinically 
tahen as a presystolic murmur. In cases of sintis rhytlim the presystoHc murmur 
may be ab.«ent in the event of .a prolonged diastole. In all cases its “in-crescendo” 
character is inconstant. 

The fir.st heart sound often show.s murmuric vibralion.s during the isometric 
contraction phase. Thej* may be interpreted as a slight degree of mitral in- 
sufliciency. In cases with auricular fibrillation, especially after prolonged diastolic 
pauses, the first heart sound begins with a slow wave which practically coincides 
with the initiation of the QllS complex. 

A three-sound rhythm frequently results from reduplicated second sounds or 
opening snap of the mitral valve. The former is more easily recognized at the 
base, whereas the latter is more easih' found over tlie noncovered and apex 
regions, althougli they may be recorded from otlier areas and even simultaneously 
coexist. For the correct interpretation of the phonocardiograms the venous pulse 
record is neeo.«sary to furni.sh jidequalc reference i)oints. 

Even though a reduplication of the second sound was not systematically .nought 
for, it was recorded in ii cases. Tlic opening snap was found in 7; in two of 
them it was clearly separated from the diastolic murmur by a short interval and 
in the remaining 5 the vibrations of the murmur immediately followed it, the 
snap being only recognizable by the higher amplitude and lower frequency of its 
vibrations. In the 8 remaining cases the beginning of tlie diastolic murmur coincided 
with tlio top of the wave of the venous pulse without any clear difference between 
the initial and consecutive vibrations. 

Author. 


Wilson, May G., and Schweitzer, Morton D.t Eheiunatic Fever as a Familtal 
Disease. Environment, Communicability, and Heredity in Their Eelation to the 
Observed Familial Incidence of the Disease. .1. Clin. Investigation 16: 555, 
1937. 

There is presented a consideration of the role of environment, contagion, and 
heredity as factors responsible for the familial incidence of rheumatic fever in 
112 families, observed over a period ranging from three to eighteen years. 

There did not appear to be a direct relation between the environments studied and 
the incidence of rheumatic fever. One-third of the 112 families lived under rela- 
tively favorable environmental conditions. In the former group the incidence of 
rheumatic siblings was 53 per cent, as compared with 46 per cent in the latter group. 

There was no direct relation between the tj-pe and source of exposure and the 
resulting activity. Tlie incidence of rheumatic fever following “active exposure,” 
and “inactive exposure” was comparable. Intimate contact (“familial e.xposurc”) 
and casual contact (“extra-familial exposure”) were equally eiTective. 

Only 21 per cent of 968 person years of active exposure could be related to subse- 
quent rheumatic activity. 
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In a total of 55 families -i^dth rheumatic parents, in 47 per cent, activity followed 
active exposure j in. 53 per cent, activity followed inactive exposure. 

In 57 families with nonrheuraatic parents, in 57 per cent, activity followed extra- 
familial exposure (casual contact); in 43 per cent, actmty followed familial ex- 
posure (intimate contact). 

The interval Between active or inactive ex-posure and the onset of rheumatism was 
one year in 20 per cent; two to live years in 49 per cent; and six to eleven years in 
31 per cent. 

The 227 rheumatic siblings ex-perienced 588 calendar years of rheumatic activity. 
Of these years, 159, or 27 per cent, were simultaneous years of rheumatic activity. 

, The interval between the related manifestations was : One month, 29 per cent ; 
one to two months, 24 per cent; two to eleven months, 47 per cent. Three-fourths 
of the related manifestations of rheumatic activity were between joint pains and 
other rheumatic manifestations. One-fourth of the related manifestations was 
between polyarthritis, carditis, and chorea. In 66 per cent the interval between 
these major manifestations was two to eleven months. 

In 51 families, 59 parents (mother or father) were rheumatic; 44 per cent 
experienced rheumatic activity during the lifetime of the siblings. In no instance 
did a negative parent acquire the disease. The incidence of rheumatic siblings was 
comparable in families with a rheumatic mother or father. 

Of 112 rheumatic families, 49 per cent had parental rheumatism. In only 
28 per cent of the families were parents and pedigree on maternal and paternal 
sides apparently negative. 

Of a total of 468 siblings over the age of three years, 48 per cent were rheumatic; 

■ 46 per cent males and 54 per cent females. 

All identical twins cited (4 pairs) were alike in having rheumatic fever. Of the 
12 pairs of fraternal twins, 5 pairs had similar incidence, i.e., both positive or both 
negative, and 7 pairs had dissimilar incidence. 

A genetic analysis of the data corrected for size of family gave agreement between 
observed and expected values. 

For children of 58 pairs of negative parents, the observed incidence was 94, the 
expected value 88. 

For children of 37 positive mothers, the observed incidence was 90, the expected 
value 86. 

For children of 29 positive fathers, the observed and expected incidences were 
respectively 29 and 27.9. 

The hereditary mechanism involved was a single autosomal recessive gene. 
Dominance, involving one or more genes, and recessives involving two or more 
genes, as well as sex linkage were all excluded. 

Author. 

Palmer, J. H.: The Blood Pressure in the Tears Following Recovery From 

Coronary Thrombosis. Lancet 1: 741, 1937. 

An analysis was made of the blood pressure findings in 212 patients who survived 
an attack of coronary thrombosis by at least three montlis. The incidence of hyper- 
tension (160 mm. systolic and/or 100 mm. diastolic) as determined by readings made 
before or at any time after the attack, was found to be i3 per cent. More than half 
the cases showed hypertension during the first year. The hypertensive group 
included 37 per cent of those aged under fifty, and 78 to 84 per cent of those in the 
next three decades of life at the time of the attack. All except one of the 20 
female patients were hypertensives. 
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'J’lio avariif'o coiirHc of ihn blood prc.«,«iJn* diirhiB (on yoaiy uftar oorontiry 
UiromboKifi (not inclu(liii(i Dio fir«l iii'onDi /ollowirif; Dio atffiok) Imn boon j/loltod. 
The fij'Kfolic iiroHsuro Hliowod ii oIibID rit-o during DiIh |ioriod wliilo Dio dinrlolio 
Hliowcd a filight, fall. 

Evidoncc i« adducod <o allow tliiit Die avorago blood proasiiro for tho aorica 
licfovo the altacb was ]»robably about Altiioiigli <iri tlio avorago tlio prior 

Icvols were not regained during Dio ton-year period, Dioy were in a few eaoo.H aefnally 
exooedod. 

AtTTiioa. 


KalbfleiBch, H,; Phrcnico-Plcural Collateral Circulation, FranUfurt. '/.Xpchr. f. 
Path. 49; 10, llt.'ir,. 

A case of cinboHc-tlirouibotio olosuro of tho loft lower pubnonury artery in a 
lifly-two'j'car-old cardiac patient i.s described in wliich the blood .supply came 
from collaterals from the diajdiragm to which tho lung had bocorrio adiieront, Tho 
loft bronchial artery was also found to bo ililalod, 

A second case of Laonnoc cirrlio.sis of Die liver, liv/‘r carcinoma, congestion of tho 
.sy.stemlc and pulmonary circuits in a fifty-fivo-y<>ar-old irinn i.s reported in which 
venous collaterals had boon established between the portal vein, veins in the abdominal 
wall, and veins in tlio rigid, side of the diaphragm. In addition venous crdlatorals 
were present betv.-eri the diapliragm and the pulmonary veins of the adherent lung, 

L. X. IC. 

liintoa, Eobert K.: Acute Pcripbcral Arterial Occlusion and Its Treatment, Netv 
England J, Mod, 216: 871, 1937, 

In general, there are four types of treatment of embolism: H) Embolecrorny, 
(2) the use of intermittent negath’e and positive pre.'^sure, (3) the use of vaso- 
dilators, and (4) symptomatic or "watcliful waiting.'' Eriiboleclorny wa.« successful 
in 4 out of 1) cnt^itn. Careful loimlizatiou ^vas made preopera fivcly, by tnojina of palpa- 
tion and tiie u.se of an aneroid spbygmomanomefer. Xegalivc-jiosifive and negative 
pre.sKure treatment v,'as. successful in 9 out of 12 eases, Tliis is especially encourag- 
ing in that these cases were not suitable for emboiec.iomy because of the jioor eoridifion 
of the patients. Tiie average lengtli of Irwdmerit nceessanr' to e.atabli.sh an adequate 
circulation was four and one-lialf day.“. One of the patients treated suree.ssfully 
by means of negative-jiositive pressure had a large embolus oeelodtng the liifurcation 
of the aorta and the arteries below the bifurcation. The auliior Iiclievcs that 
early appliimtion of intermittent negative-positive jwes.sures prevented formation 
of secondary tlirombi in the arteries distal to the occlusion. The author hn.“ no 
data on tlie use of vasodilators, since he did not wisli to cornjdicale the results 
of the other met.hod.s of treatment. In only one of 33 case.s receiving no treatment 
was the limb saved. Of 3 cases of embolus in the arm, 4 recovered with no treat- 
ment but the.‘:e casc.s were not included because of tho frequency of spontaneous 
development of collateral circulation in this e.vtremity. 

The best results from a single method of treatment of embolus was .“uction and 
pre.ssure therapy, Tiie writer beljeve.“ the ideal method of freatrncrif for .“uitable 
cases is a combination of treatments, namely, ernbolectorny followed by u.se of the 
s-uetion-presKure treatmemt and also Die t<roduction of peripheral va.sodilalation. In 
case.s xiroperly treated, a still higher fmreentage of extremitie.*-' sliould be saved. 

H, Jf. 
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Pick, E. P.: Automatic Adjustment and Kegulation of the Circulation. Presented 
at the International IMedical AVeek in Lucerne, Sept. 1, 19.36. Taken from an ab- 
stract in the Ztschr. f. Ivreislaufforsch. 29: 226, 1937. 

In addition to nei-vous and neurohumoral regulation of cardiac activity, there is 
an important group of physical regulatoiy mechanisms j aIz., diastolic, filling and 
distention of the heart, venous return, coronary flow, and pericardial restraint. 
The action of blood reservoir.*? in regulating blood volume and avoiding congestion 
is established, the liver being important in tMs connection. A number of metabolic 
products sucli as GO,, lactic acid, liistamine, and acetj’lcholine, adenylphosphoric 
acid are important in regulating the circulation. These and the hormones and 
vit amines form a second important mechanism. They operate not only directly on 
the circulating system but reflexly, A third mechanism is the blood pressure regu- 
lators,' the end organs which tend to keep the blood pressure constant. These 
various stimuli suramate (or neutralize each other) so that the circulation is well 
adjusted to its requirements. 

L. A'. K. 

Heier, H.: Changes in the Wall of the Heart in the Eoentgenkymogram. 
Fortschr. a. d. Geb. d. Edntgenstrahlen 53: 893, 1936. 

In one case diagnosis of aneurysm at the apex of the heart due to infarction 
was diagnosed tvith certainty only by the kymograph. It is valuable also in other 
types of myocardial damage and in pericardial adhesions. Changes in the amplitude 
of pulsations indicate myocardial disease; peimstence of pulsations with a change 
in heart contour indicate extracardiac processes. 

L. A’. K. 

Brenner, F., and Wachner, G.: Unusual Location of Cardiac Aneurysm and Its 
X-xay Diagnosis. Fortschr. a. d. Geb. d. Eontgenstrahlen 54: 243, 1936. 

A calcified bulge of the heart in the region of left pulmonary hilus was noted 
in the roentgenogram in a sixty-four-year-old subject. At autops 3 ' this proved 
to be an old aneurx'sm of the posterior wall of the base of the left %'entricle. It 
was associated with clo.sure of the coronary ostia. 

L. AL K. 

Kalter, S.: The GlycocoU Metabolism in Degenerative Dystrophic Heart Disease. 
Deutsche Med. AYchnschr. 62: 1371, 1936. 

In a series of cases of nwodegeneratio cordis, 5 grams of glycocoll vas given 
3 times daily. This caused improvement of the heart function in most cases. 

L. AL Iv. 

d. Gara, ?.: Clinical Observations in the Treatment of Heart Disease With 
Gratusbaina and With Gratusbainose. Med. AYelt. 10: 1296, 1936. 

Thev' have a diuretic action. It is claimed that thev- make the pulse regular, 

raise low blood pressure, and lower high blood pressure ( ?)• 

' L. A". K. 

Beer, A. G.: Indication and Action of Scillaglucoside. Miinchen. med. AVchnschr. 
83: 929, 1936. 

This presentation is based on a study of 123 cardiac patients. The cardiac 
action of this glucoside is less than that of strophanthin but its action m sup- 
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pi'CHsing the ectopic pacemjikerH is greater. It is quickly al>sorhefI and quickly 
destroyed on oral or rectal administration ns coinpiirod v.-itli otlicr digitalis 
preparations. 

L. X. K. 

Donath, F.: Therapy of Acute Coronary Closure, Wien. klin. Wchnschr, 40: 

092, 1930. 

The author use.s morphine together udth cafToirie and atropine as soon as the 
diagnosis i.s made. Morphine is repealed if necc.“.sary, and other n.areotjcs .'•uch 
as pernocton are used. The author treats the .stage uith a drop in Wood pressure 
rrith camphor, cafTeine, strychnine, cardiazol, or coramin. During the he.alin" 
.stage, the patient requires six -ivecks’ bed re.sl, Xo medication is necessary but 
ciiphyllinc mat' be used. Luminal to ensure sleep should bo employed if necessary. 

L. X. K. 


PROCEEDIXGS OF THE GEEMAX SOCIETY FOE THE STTEDT OF 

CntCULATIOX 

TEXTH SESSION, B.VD XAHHEIM, IMAECH W AND 14, 1937* 

1. Vasodepressor Substances. H. Dale (London). 

While a number of vasodilator substance.* derived from tissue e.xtracts are knotvn, 
there is no direct evidence of their plajung any role in physiologiral regulation of 
vessel tone. Histamine is the first substance isolated and has recently lyeen shov-m 
to act by stimulating the sensory nerve endings. Acetylcholine tvorks directly on the 
eholiner^c elTercnt nerve endings. Since histamine i.s -so powerful, it must C3nst in 
the body in a bound form. The hi.stnminc in plasma comes from the bcvly cell.®. 
The acetylcholine found in the blood play? little or no role normally. The increase 
in flow of blood during activity must depend on lilK-nition of vasodilators in the con- 
tracting muscle. Knowledge concerning adenylic acid derivative? is .“till fragmentary 
and the same is true of other dilators since it is difiicult to frt-e them from his- 
tamine. 

2. Adrenalin and Adrenalln-llke Substances. H. Eein (Gottingen). 

The confusion regarding adrenalin is due to the fact that it has been used too 
often in pharmacological rather than physiological dose.*. Adrenalin has a vaso- 
constrictor action and also increases the blood volume. Its significance is doubled 
as a normal regulator of the circulation. It is found that painful stimuli do lead to 
liberation of adrenalin, but whether this is of significance is yet unknown. It i.® 
possible that adrenalin in physiological do.ses acts to redistribute blood in the body. 
This is true in the case of exercise whore the distribution between active and in- 
acHve muscle may be aided by adrenalin. Physiological doses of adrenalin cau.se 
an emptj'ing of the blood reservoirs. In the heart -lung preparation, no effect could 
be demonstrated on the metabolism when physiological doses of adrenalin were 
used. Thu.?, adrenalin in physiological doses is not a circulatory stimulator but a 
circulatory regulator to make the distribution of blood more economical. In tliis, 
its action .summates with nerve stimulation and with that of local metabolic 
products. 

Fleisch (Lausanne) in commenting on t!ie.?e reports, j)oinlcd out that acetylcholine 
in the blood comes from active muscles. It appears whenever the blood pre.?stirc 
drops and at the death of the anim-al. It is tlm.s a p-athological sign, 

’Abstracted from report bj- H. Bruner In g;t.«ehr. f. KreiBl.auJIorficb. 20: 320, 3 0.37. 
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3. Cystamin, a New Hist am i n e-Like Blood Pressure Depressor Substance. H. Rob- 

bers (Mannbeini). 

This is decarboxylated cystin. It causes a drop in blood pressure and acts on 
peripheral vessels. Subcutaneously, it causes a long lasting effect. 

4. Coronary Insufficiency Pollowing Histamine Collapse and Orthostatic Collapse. 

H. Meessen (Freiburg i. Br.). 

Intravenous injections of histamine in large doses caused electrocardiograpliic 
changes in the rabbit such as are seen in coronary insufficiency. Tliis is true also 
in orthostatic collapse. At necropsy, in the latter condition, disseminated myo- 
cardial necrosis appears twenty hours later. The redistribution of blood occurring 
in these two conditions leads to anoxia of the heart. 

5. Adrenals and Angina Pectoris. W. Raab (Vienna). 

It was found that anginal attacks can be precipitated in young healthy indi- 
viduals by injections of adrenalin. 

6. Circulatory Disturbances and the Function of the Adrenal Cortex. S. Thaddea 

(Berlin). 

In cats the removal of the adrenals leads to bradycardia and a blood pressure 
drop which is relieved by adrenal cortex. In the heart-lung preparation of the 
dog, the cortical hormone decreases coronary flow. Electrocardiographic changes 
following extirpation of the adrenals; viz., S-T depression and T-wave inversion, 
tend to disappear after cortical hormone administration. Similar results are ob- 
tained in Addison’s disease. 

7. Paraganglia in the Sympathetic System and in Cranial Nerves. M. Watzka 

(Prague). 

Three groups of paraganglia are found: chromaffine, nonchromaffine, and 
mixed. The chromaffine ganglia are sjunpathetic in origin. The others are of mixed 
nerve origin. All are rich in nerve fibers. 

8. Action of Strophanthtn on the Circulation of Normal Persons. K. Gotsch 

(Prague). 

It is found that stroke and minute volume of the heart decreases when this drug 
is. used on normal persons. By direct intraarterial injection and comparison with 
the control limb, it could be demonstrated that strophanthin increases 0. con- 
sumption in the periphery. 

P. Martini (Bonn) found an increase in stroke and minute volume flow vith this 
drug. 

9. Pharmacology of Coronary Insufficiency. C. Kroetz (Altona). 

He believes that a combination of drugs is indicated for daily use; viz., quini- 
dine, luminal, and nitrite by injection. This combination is especially valuable in 
severe status angiosus and in cardiac asthma. He advocates vitamin B, in myo- 
cardial infarcts and also points out the value of a pure preparation of glutathione 
which acts as a cardiac stimulant and coronary dilator. 

. A. Weier (Bad Nauheim) noted the fact that coronary insufficiency sometimes is 
clinically and electrocardiograpliically silent. 

Sexibner (Berlin) was opposed to the use of combinations of drugs. 
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10. Heart and Circulation in Emphysema and Bronchial Asthma. A. J. Anthony 

(Grissen). 

No evidence of heart damage was noted clinically or in the electrocardiogram. 
At autopsy the heart showed disseminated degenerative changes which extended to 
the endocardium and caused mural thrombi. The histological changes resemble 
those seen in rabbits following caffein and adrenalin. Suspicion is aroused that 
in man the common use of the drugs is the cause of these changes. 

E. Kirch (Erlangen) pointed out that hypertrophy of the right heart can be 
demonstrated postmortem in emphysema. 

11. The State of Circulation and Breathing of Man at Low Pressures. K. Mat- 

thes (Leipzig). 

An increase was noted in minute volume flow in tiie decompression chamber 
when the atmospheric pressure was lowered. No change occurred in circulation'timc 
from the lung to the extremitie.s, hence th cincreased blood flow must be confined 
to the visceral organs. 

12. Effect of Anoxemia on the Venous Pressure of Healthy Individuals. G. Budel- 

maim, A. J. Anthony, and W. Schwarz (Hamburg). 

Arterial anoxemia in reclining persons whether produced in decompression chamber 
or by breathing air witli reduced O. content, cau.ses a rise of venous pressure up 
to 5 cm. HjO. The authors do not attribute this to heart failure but to a reflex 
action on the peripheral circulation. When collapse occurs and arterial prc.ssurc 
falls, venous pressure rises further. 

13. The Blood Flow in the Veins Near the Heart. E. Holzlohner (Kiel). 

A new electrical tachograph was u.sed for blood flow recording and a tachyogram 
of venous flow was obtained. A sy.stolic acceleration in flow toward the heart was 
noted. 

7F. Bohme (Eostoek) reported a confirmation of Holzlohner ’s observations on 
venous flow in man based on his roentgenokymographic studies of movement of the 
heart base when the mitral valve was calcified. In animals he obtained similar 
data by injecting x-ray opaque miilcrials in the circulation and making roentgeno- 
kymographs. He noted the marked movement of the .A-V floor. In man ioddl 
drops were injected into the veins and a sy.stolic, acceleration in their movement 
was noted. 

14. Effect of the Carotid Sinus Reflex on Circulation, Respiration, and Metabolism. 

E. Koch, and H. BrUner (Bad Nauheim). 

Long continued stimulation of pressor receptors of the carotid sinus causes 
alteration of breathing and decreases the metabolism of animals. 

15. Hypophysis and Circulation. P. Schellong (Heidelberg). 

This is an interesting theoretical discourse. The po.sterior lobe of the x>ituitary 
liberates vasopressin and causes a “jiale"’ hyperten.sion, but the part played in this 
by central reflex action and kidney damage is not clear. A decrease in vasopressin 
causes a loss of capillary tone and a drop in diastolic pressure. Functional disorders 
of the basophyllic cells of the pituitary can cause a drop in diastolic pressure such 
as is seen in Basedow’s disease. No evidence is present of a regulatory role for 
vasopressin. In pituitary hypotonia, it is the anterior lobe which is affected. He be- 
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lieves that the hypotonia of liA-popituitary origin (anterior lobe) acts via the 
adrenals. In this condition there is found an inability to adjust the blood pressure 
to stresses such as standing and exertion. 

Cushing’s s\Tidrome is discussed, and it is suggested that the adenoma may cause 
an increase in vasopressin, it may- act on the hypothalamic centers, or may cause an 
increase in the eortieotropic hormone and this in turn stimulates the adrenal corte.x. 

The role of the pituitary in essential hypertension is discussed, and it is concluded 
that it is not primarily concerned, although it may play a subsidiary role in de- 
termining the constitutional disturbances which lead to the condition. The role 
of the basophilic cell hypertrophy in this condition is not settled. 

16. Hormones and Circulation in Gsmecology. W. Haupt (Jena). 

Sex hormones play an important role in women, \nz., in the menstrual cycle and 
menopause. Hormones are also important during pregnancy. In addition there 
is a great change in the circulation in pregnancy due to the need of supplying blood 
to the placenta. In eclampsia an increase can be demonstrated in vasopressor and 
antidiuretic substances of pituitary origin. They may be responsible for the 
symptoms, but this has not been established. 

17. Circulation in Disturbances of Blood Sugar Regulation. M. Biirger (Bonn). 

Small doses of h^'pertonic sugar appear to relieve spastic states perhaps by 
liberating a vasodepressor substance from the tissues. In tumors of the adrenals, 
hj-pertension, hyperglycemia, and glycosui-ia occur which disappear when the tumor 
is removed, Hj-poglycemia has! been reported in Addison ’s disease. The pancreas 
produces a sugar regulating hormone, insulin, and extracts from it give substances 
on the acting circulation, vagotonin and kallihrein. In young diabetics there is a 
hypotension. Hypertension occurs in elderly diabetics, and many of these are in- 
sulin resistant. The author believes that the latter state is due to a slowed circula- 
tion. , In lu'poglycemic shock the blood pressure drop is due to peripheral dilatation 
(chiefly in the capillaries). It is important to differentiate this state from diabetic 
coma. In lesser degrees In-poglycemic shock causes tachycardia, palpitation, head- 
ache, and irritability. 

IS. Circulation in Thyroid Disturbances. G. W. Parade (Bre.slau). 

The thyroid operates through its regulation of the body metabolism. It acts 
also over the sj-mpathetie nervous system. In mj-xedema there is a slowed circula- 
tion, a small pulse pressure, a decreased tone of the heart, and a flattening of the 
P- and T-waves in the electrocardiogram. In luTperthyroidism, the minute volume 
flow is increased, partly reflexly and partly by the local increase in metabolism. 
Sinus tachycardia is due to an adjustment of the nervous balance. 

19. Effect of Puberty on the Blood Pressure. P. Schenk (Danzig). 

He points out the hormones play a role in this period. 

20. So-called Pigment of the Heart Muscle and Skeletal Muscles and Its Relation 

to, Muscle Function. R. Bohmig (Rostock). 

Microscopic investigation of the distribution and quantity of lipofuscins in 
human and ox hearts and in their skeletal muscles is reported. In tlie atropic muscle 
a decrease is shown in the quantity of this pigment. In the heart there is 
more of this pigment beneath the endocardium than beneath the epicardium. This 
. is the reverse of vitamine C distribution. 
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21. Determination of the Surgical Approach to Peripheral Vascular DlRcar.c. H. 
W. Passler (Heidelberg). 

Acetylcholine is used to dclcnnine the functional and organic components in 
poriphornl vascular disease, in order to predict the value of syinpatheclomr in the 
case. 


22. Electrocardiographic and Kymograpliic Studies on Athletes After EKcrtlon. 
H. Eelndcll (I’reiburg). 

A prolongation of A-Y conduction time was found in most athletes. Also, a jiro- 
longation of systole was noted. The roentgenhymogram shows characteristic 
changes. Following exercise systole is shortened. 

Frey (Bern) pointed out tliat pporls lead to right ventricular dilatation. 
Stachclin (Basel) pointed out that depression of the diaphragm in athletes cjin 
alter the elect rocurdiogram and x-ray film. 

2H. Calculations on the Basis of the Probability Theory of Parasystole In Auricular 
PihrlUation. S, Holler (Bud Na.uhcitu). 

This presentation is theoretical. 

21. A Tension Electrocardiograph for Quantitative YTovk for the Practitioner, 
K. Gross (Erlangen). 

2u, Unipolar Deads of the Electrocardiogram. E. Schwab (Wiirzburg), 

Two points with maximum potential can lie found on the chest, but these arc 
not indications of the right and left ventricle resjicetively. In unipolar ]«ids from 
the anterior ifurface of the heart in animals, all initial complexes show a general 
similarity, and there is no dilTcrence between the two ventricles. 

E. Koch (Bad Nauheim) suggested the use of the entire body surface as tlie in- 
different electrode. 

D, N. K. 

PROCEEDINGS OF THE GERMAN .SOCIETY OF INTERNAL MEDICINE 
FOirry -NINTH SB.SSION, YTESBADEN 

MARCH 15 TO 18, 

1. Action of Digitalis on the Central Nervons System- Marx (Berlin). 

This central action is indicated by (a; the improvement noted clinicjilly when 
the blood flow is normal, (b) its stimulating (caffein-like action) in shock, (c) the 
antipyretic action of digitalis; this occurs also in noncardiacs. Injections of small 
doses of fitrophanthin into tlie ventricle of the brain of llio dog causes sinus tachy- 
cardia, ventricular extrasystoles, ventricular tachycardia and ventricular flbrillation 
and death. Evipan injections tend to prevent these effeets. The action of digitalis 
injected into tlie cerebral ventricles is 10 or 100 times more powerful than when 
used intravenously. Sectioning the vagi does not always abolish this action of 
digitalis so that the sympathetic nerves a.= well as the vagi serve as efferent piatiis. 

•Abstracleil from a report by IC Scfrecl tn Etsebr. f- KrcIsIaufTorscb. 29: 235, 1937. 
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2. Experimental Studies of Coronary Dilator Substances. Frey and Hess (Frei- 

burg). 

A Eein stromulir Avas used to measure flow in the right coronary arteiy at the 
same time that arterial blood pressure was determined in dogs anesthetized witli 
morphine and pernocton. Sugar, papavydrin, novophyllin, cardiotrat, and deriphyllin 
cause an increased coronary flow and a drop in blood pressure, hence their action is 
dilator. The latter tn'o have the longest action and are useful clinically. 

3. Clinical Studies on the Partial-Electrocardiogram in Man, Ernst (Tiibingen). 

This is a procedure introduced by F. Groedel for obtaining precordial leads. It 
permits, in the author’s opinion, localization of lesions to one or another ventricle. 
(Tliis is not convincing.) Sometimes it shows electrocardiographic changes when 
none are present, in the limb leads. 

4. The Stimulating Substance in Hypertension, Its Properties and Action. West- 

phal and Sievert (Hannover). 

It was found that the ultrafiltrate of the blood of 150 patients with hypertension 
has a pressor action in cats, rabbits, dogs, and humans. Its action is peripheral; 
it resembles the pressor substance obtained from the posterior lobe of the pituitary. 
IVhen 2 c.c. of ultrafiltrate was given daily to rabbits, a protracted hypertension, 
a hypertrophy of the adrenals, and an increase of its cholesterin content was ob- 
served in these animals. The rise in blood pressure in rabbits is 50 mm. Hg in es- 
sential hypertension and little in the renal form. The rise in the rabbit is pro- 
portional to the pressure level in man. In preparing the ultrafiltrate, one must make 
the blood acid, pH 4, as it is unstable in alkali. It is also unstable in the presence 
of ultraviolet light. It is adsorbable on talcum, and a second injection is less ef- 
fective than the first. It is not adrenalin, and it is not the substance isolated by 
Bohn. It acts in the decerebrated cat, it decreases flow in the perfused rabbit’s 
ear, and it constricts the rabbit’s coronary artery. 

. In the discussion, Volhard (Frankfort) supported this work, but Marx (Berlin), 
Jores (Hamburg), and J?aa6 (Vienna) questioned it. 

....... .... ' L. N. KL 
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Diskasks ok Tin; Hkaiit. By 8ir Tlioiim« Lewis. 2rul Edition. 2!»r> j)Ukc>? witli -f5 
ilhi.strationH. New York, 1(217. The Mneiniilnn Conijiniiy. 

In the prefnee to the tirst edition Rir TlntinitH Ixovix wrote; “The inipulf-e to 
write !i book of referonee Iius not stirred me, i(Ut I linve had the desire to place 
at tlie disposal of students and medieul priietitioners the outline of nsy elinienl ttKteh- 
ing on disease.s of tlie heart, as this has developed in jny talks to rny own ho.«pitnl 
students. In beginning that teaching twenty and mote year.*, ago, I determined that 
the basis of what I taught should be that whicii J niy.“elf had seen :ind proved to be 
true. A .second ideal that I have striven hard to nttniji is siiaplicity in teacldng.” 
This book is more than an outline; it is a study of disefises of tlie heart in which 
essentials arc emphasized and nonessentials are carefully omitted. Kuch a book can 
be written only by one who is a master, and such a book is far more valuable than 
many volumes of greater length. 

The appearnnee of the second edition is weleonied, not hecau.“<* there are many 
changes and additions, but because there are fee,-. 

Because of the logical arrangement of material and the simple clarity of style 
this work should be on the required-reading list for all medical writers. 

The DevkIvOkmkst ok (.^auhiac ENi.AitoK.MEST ix liJSE.t.SE OK Tin; Heaut: a 
I lADioi.oou'Ai. Hti.tiv. Bv ,T. H. Palmer, M.I). .Spwdal Beport No. 222 issued by 
the Medical Ke.«eareh Council. London, lO.'l", His Majesty’s Stationary Oflice. 
Price Is. Od, net. 

This monograph of some fifty pages pre.xeut.'i the results of a radiological 
study of the progressive ehange.“ in the size of heart.s, and of their several ehanilwr.s, 
the seat of organic disease, and the correlation of these change,s with the clinical 
aspects of the disease. The object in view has been “to study the dj-nainic pro<'.'es.s 
of enlargement in various diseases rather than the static condition of the heart swn 
at any one stage.” 

The work was carried on in the cardiac department of the London Hospital under 
the direction of Dr. John Parkinson. 

While the report does not claim to he comprehensive and complete it scem.s to 
enlarge the field of u.“efulnpss of radiologieail study in connection with diseases of 
the heart and gives interesting facts covering the jirogrcssive changes in the heart's 
size in such conditions as persistently inereased heart rate, high blood jiressure, con- 
gestive failure, and coronary thrombosis. 

Les MfrnroDES CniantoicAi.Es nr Tkaitement nr. L’Anoi.n'k m: Poituin'e: f:voi.r- 
TION ET Rf;St;i;TATS. By Marcel Bfirard (with a prefaci* by Profe.ssor Renf- 
Lericlie) 389 X'ngt's, Paris, 1937, Masson & Cie. 

Dr. Berard bclicvc.s that there is a definite place for surgery- in the treatment 
of angina pectoris and that operation should be considered in any case which i.s 
resistant to other forms of therapy, except, of cour.xe, when there is evidence of 
cardiac insufficiency. In this volume he discu.sscs tlie reasons for and re.xult.s of the 
various operations that have been suggested or performed for tlie relief of angina 
pectoris. After reviewing tlie anatomy and phy.siology of the nerve.? of the heart 
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and the nature of the anginal attack, he takes up the different operations, which he 
lists : as those having an anatomical basis (that is, those operations that seek to 
interrupt the pain pathways) and those with a physiological basis (those which aim 
to interrupt the reflexes initiating an attack or to establish coronary vasodilatation) , 
Of the various procedures he favors stellectomy as performed by Drs. Leriche and 
Fontaine. He also discusses the possibility of revascularization, citing Beck’s work 
in Cleveland, and total thyroidectomy. He gives brief case reports of thirty cases of 
total thyroidectomy from the Peter Bent Brigham Hospital and comes to the very 
definite conclusion that the results of this form of treatment are unsatisfactory. 

Dr. Berard has provided an interesting summary of wliat has been done or at- 
tempted surgically for the relief of angina pectoris. As a summary the book could 
be greatly condensed with advantage. While angina pectoris is very common, the 
surgical treatment is relatively unusual, and in spite of this volume and a long 
bibliography, the final word on the subject has not been spoken. 

LES BNDOCARDITES M.A.EIGKES PROLONGEES. ETUDE A^"ATOMO-CU^•IQUE ET EXPEUI- 
MEXTAXE. Bj' Andre X. Jouve. 354 pages with 50 illustrations, Paris, 1936, 
Masson & Cie, price, 50 fr. 

The author provides a detailed bacteriological and anatomical study of bacterial 
endocarditis, considering the lesions of arteries and of other organs as well as those 
of the heart. He has succeeded in producing the disease in dogs and believes that 
the experimental findings add to an understanding of the disease in man. The lesions . 
are illustrated by means of photographs and microphotogiaphs, and there is an exten- 
sive bibliography. 

L’EmBOLIE PULWONAIRE, EECHERCHES CuKIQUES, AXATOMIQUES, PATHOGfiNIQUES 
ET TngRAPEUTiQUES SUR Les Esibolies ET Les Ixfarctus DU Pou.MON. By Pierre 
Bardin. 192 pages with 11 figures and 2 colored plates. Paris, 1937, Masson & 
Cie, price, 35 fr. 

The thesis of this volume is the importance of nervous reflexes in cases of pul- 
monary embolism. Dr. Bardin notes that sudden death after pulmonary embolism 
does not bear a definite relation to the size of the vessel occluded and that thoracic 
surgeons can tie off a large pulmonary vessel without producing sudden death. He 
believes that when sudden death occurs it is the result of a reflex arising from 
the effect of embolic material on the nerve endings of the pulmonary arterioles 
and that a nervous predisposition, a hj^jervagotonia, is an important factor in this 
reflex. He believes that with arterial obstruction anywhere in the body the excitation 
of nerves in the vessel wall is far more important than obstruction to the flow of 
blood. 

Dr. Bardin reviews the experimental work of others and his own work. In dogs 
he found it practically impossible to produce sudden death from a large pulmonary 
embolus and he has studied in detail the effect of various procedures designed to alter 
the neurovegetative or humoral conditions and so to study the reflexes arising from 
pulmonary embolism under different experimental conditions. 

The author also discusses treatment and gives an extensive bibliography. Mfliile 
interesting from an experimental point of view, the book has many weaknesses on 
the clinical side. 

La Derivation Auriculaire S5 et la TrEmulaTion Auriculaire. By B. Pinchenzon. 
Preface by Professor C. Lian. 80 pages. Paris, 1937, J.-B. Bailli&re et Fils. 

Stimulated by his master, Professor Lian, Pinchenzon has written a short book 
dealing witli two subjects; first, the value of a certain electrocardiographic chest 
lead (called So), with one electrode over the manubrium sterni and the other at the 
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inner end of the fifth right intcrcostnl HX)acc, in revealing the electrical activity of the 
auricles when ohscurcly shown in the clftssicnl leads, and second, the clinical analysis 
of the intermediate stage of the auricular circus movement between aurictilar fibrilla- 
tion and auricular flutter, variously labelled in the past as flutter-fibrillation or 
impure flutter or coarse fibrillation, but which I’inchcnron and I/ian would like to 
establish as a definite electrocardiographic and dinical entity called “auricular 
tremulation. ’ ’ 

The author appends 20 brief case reports and jiublishcs two records showing 
“auricular tremulation” and one showing “fibrillo-trcmulntiou.’' 

Doctors I’inchenzon and Lian have done us a service in calling ntu-ntion again 
to the value of certain chest leads in studying aurictilar action when the classical 
leads fail to define it. Tlio very first human electrocardiogram ever published 
was from a chest lead in the days before the more convenient limb leads were 
arbitraril}' .selected. Then later on Lewis and others rcinlroduced chest leads for 
the study of auricular activity, but these did not assume any important place 
in clinical electrocardiography, largely becau.se of the apparent raritj' of their 
need. In this country, the recent introduction of chest leads in routine electro- 
cardiography for the detection of ventricular myocardial disease 1ms proved so 
important and valuable that the Ic.ss important chest lead points, such as Lian 
and Pinchenzon’s Lead So, for the study of the auricles have been overlooked. It 
may well be that on certain occasions they should bo employed, not only this 
particular lead labelled So but others perhaps at variou.s angles to it; other features 
of auricular activity not clearly sliown by Ix;ad So might thereby Ik revealed. 

“Auricular tremulation” a.« a designation for the stage of the auricular circus 
movement intermediate between auricular flutter and auricular fibrillation doe.s not 
seem advisable as yet for routine use until further work and c.vpcriencc have proved 
its value. It may Avell turn out to be a more sati.«factory term than flutter-fibrilla- 
tion if it can cover the range of circus movements l>etwccn flutter nnd fibrillation, 
but it seems likely that there arc still border lines which would have to l)e designated 
“tremulation-fluttcr” or “trermilation-fibrillation.” Bather than to introduce 
a new term for such, why not use as needed the terms we already have, in gradation 
as follows: flutter, impure flutter, fibrillation-flutter, flutter-fibrillation, coarse 
fibrillation, and fibrillation. However, the utility and wisdom of such subdivision 
arc frankly open to question. To the reviewer the term flutter-fibrillation is still 
adequate to cover the range of auricular arrhjihmia between flutter and fibrillation. 
He and mo.st others have employed the term to .signify this intermediate mechanism, 
labelled in this book auricular tremulation, and not to signify alternate periods of 
auricular fibrillation and auricular flutter which should be designated by point of 
time, not as a joint arrlij-tbraia. 

Fortunately, clinically it is of little importance apparently to identify this par- 
ticular phase of auricular arrhythmia — tremulation — by a chest lead, for etiologically, 
prognostically, and therapeutically it appeans to have the same significance as 
auricular fibrillation and auricular flutter and should so be treated, as it douhtJess is 
being treated most of the world over- 

However, the .skepticism of tJie reviewer should not by any means be considered 
as a bar to the further study of auricular action by chest leads or to the analysis of 
this anricular mechanism intermediate between flutter and fibrillation which Doctors 
Lian and Pinchenzon have called tremulation, a good term if further study justifies 
its adoption. A further point of interest in research would Im to see if other chest 
leads at other angles might not reveal, e%'en better than So, circus wave.s that might 
be traveling in planes that are not well represented by S-o. 
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Physiology iVXP Pathology of the Heart akd Blood-Vessels. By John Plesch. 

Oxford University Pres.s, London, Humphrey ^Milford, 1937. 188 pages, price $5.25. 

Tlie title of this hook is somewhat misleading. As indicated in the preface, this 
work does not pretend to the completeness of a textbook. It is a stimulating general 
discussion of certain important aspects of the Held. It represents an individual 
viewpoint,, based on experimental evidence, on matliematical considerations, on 
teleological argumentation, and here and there on assumption. It is written by one 
who has had experience in the Held and who must liave pondered a great deal on 
the problems discussed. In general, mechanical factors in the regulation of the cir- 
culation are overstressed, often at the expense of established nervous and chemical 
factors. Several correlations not generally recognized are brought out convincingly. 

The Hrst four chapters contain discussion on the mechanical reactions of the blood 
vessels and on the factors regulating blood volume and blood flow. Cliapter V, on the 
physiological relationsliip between the arteries and the blood pressure, contains 
original interpretations. Chapter VI, describing the nature of the regulation of the 
circulation, is the key which is subsequently applied in the interpretation of some 
of the problems in patholog}', such as circulatory insuflSciency, diastolic or volume 
insufficiency, systolic or force insufficiency, and vahnilar lesions. 

There are several statements which are arbitrary assumption and, on the basis 
of available evidence, obviously incorrect. The following are examples: "The 
residual volume of the ventricle is taken as constant” (p. 51). The optimistic 
statement on arteriosclerosis: ‘^Its progress can be arrested; it can be cured in the 
early stages and beneficially influenced in more advanced cases” (p. 137). The 
statement that athletes "show marked calcification of their arteries by the age of 
35-40. They are seldom capable of great physical effort in middle life, and many of 
them die about the age of 50” (p. 143). "Many patients diagnosed on auscultatory 
evidence as aortic insufficiency, coming to post-mortem from some independent cause 
before the symptoms of insufficiency develop, show stenosis of the valve without any 
evidence of insufficiency” (p. 148). 

The book is not written for the practicing physician or for the average "special- 
ist.” Those who are engaged in the study of the physiology and pathology of 
cardiovascular problems will find in the book an informative and challenging, though 
at times one-sided, discussion. It is written from a different angle from any^ of the 
recent books on the heart or on the circulation. The author has made an effort ‘ ‘ to 
decide whether a certain formulation in mechanical terms provides a good working 
hypothesis for the prediction of physiological and pathological events” (p. S3). 


Books Received 


Allegemeine Elektrokardiographie. von Prof. Dr. Eberhard Koch. Bad 
Nauheim. 3., verbesserte Auflage. Mit 39 Abbildungen. Dresden und Leipzig, 
1937, ^'erlag von Theodor Steinkopff. 

Verhaxdluxgex der deutschex Gesellschaft FijR Krelslaefforschung. X 
Tagung zu Bad Nauheim Vom 13—14 Marz 1937. Herausgegeben von Prof. Dr. 
Eb. Koch, Bad Nauheim. Mit 140 Abbildungen Im Text. Dresden und Leipzig 
1937, Verlag von Theodor Steinlvopff. ’ 

Arci^. pur Kreislaupforschuxg. Beihefte zur "Zeitschrift fiir Kreislauffor- 
schung.” Herausgegeben von Dr. Eb. Koch, Professor fiir Physiologic, Kerck- 
hoff-Herzforschungs-Institut, Bad Nauheim und Dr. Ed. Stadler, Professor 
Eeitender Arzt am Stadtkrandenhaus, Plauen i. V. Band I. Heft 1-6 Juli 1937 ' 
Dresden und Leipzig,. 1937, Verlag von Theodor Steinkopff. 
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Las Miocakditis. Por El Doctor Gregorio Martinez, Profesor Titular de la 
Facultad de Medicina de Cdrdoha; Miembro de las Academias de Medicina de 
Eio Janeiro, Madrid v Eumania; en colaV>oraci6n con, los Doctores S. Sonzini 
Astudillo y C. Deza Cenget. El Ateneo Libreria Cientifica y Literaria. Florida 
371 — Sucursal; Cordoba 2099. Buenos Aires, 1937. 

Exploraciok »ki, Corazok por via Esokagica, Tesis de Doctorado por el Dr. 
Alberto G. Taquini. “El Ateneo’" Libreria Cientifica y IJteraria. Florida 371 — 
Sueursal; Cordoba 2099. Buenos Aires, 19,3(5. 

Lavori Dei Cosgressi m Mkdici.va Ikterxa. Quarantadue.simo Congresso Tenuto 
in Eoma. Nell’Ottobre 1930. Pubblicazione Fatta per Mandate del Consiglio 
Direttivo dal Prof. Giuseppe Sabatini. EELAZIONl la. 

Fisiopatologia DELIA) ScoMPEXSO Croxico di Circoia), Ccsa-Eiancbi D. e Calabresi 
M. (Milano). Eoma Casa Editrice Luigi Pozzi. 193f5-XIV. 


Erratiim 

-In the article, “Hypertension Produced by Constriction of the Renal Arterj' in 
Sympathectomized Dog.s, “ by Norman E. Freeman, M-D., and Irvine H. Page, 
M.D., which appeared on page 40,5 of the October issue of the Journal, the illustra- 
tions for Figs. 4, 5, and 0 were incorrectly placed. Figure 4 should have been Fig. 
6j Fig. 5 .should have been Fig. 4; and Fig. 0 shoidd have been Fig. 5, The 
legends are correct as numbered and apply correctly to the rearranged illu.strations. 
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Announcement 


T his is the last issue of the Americak Heart Jourxae to appear 
■under the editorship of Dr. Le-vvis A. Conner. Some mouths ago he 
tendered his resignation, •v\’hieh -was publicly announced at the annual 
meeting of the American Heart Association in June, and efforts to 
induce him to reconsider his decision have been of no avail. 

Dr. Conner V'as the first editor of this J ourkal ; under his leadership 
it has grown steadily in size, importance, and influence until it stands 
today as the leading journal in its field — one of which the editor, the 
publishers, and American medicine may well be proud. Those who 
have known Dr. Conner, and especially those who have been asso- 
ciated with him ui his work, can testify to the enthusiasm and devo- 
tion with which he pursued his labors, while the Journal itself hears 
eloquent testimony to his ability and his high aspirations. Although 
he frequently consulted the Directors of tlie American Heart Associa- 
tion for advice and criticism, the actual work was performed almost 
wholly by him, and he deserves the credit for the development, the 
splendid growth, and the high ideals of the Journal. To say this is 
not to disparage the contributions of his a.ssociate editors through many 
years, Dr. Evelyn Holt and Dr. Hugh McCulloch, who have given so 
freely of their time and thought, nor that of Dr. Irving S. "Wright, who 
for -the past two years has edited the papers on vascular disease with 
great knowledge and enthusiasm. Without the devoted support of these 
able associates Dr. Conner could never have achieved what he has, but 
they have been the first to praise his leadershiii, his ability, his wisdom, 
and his unselfish willingness to share their laboi* whenever necessary. 

The Board of Directors of the American Heart Association, keenly 
sensible of Dr. Cornier ’s unselfish devotion and magnificent achievement, 
wish to take this opportmiity publicly to express their grateful and 
lasting axipreciation of his almost unique service. It is their belief, 
shared by all who know him, that the American Heart Association and 
the American Heart Journal have been peculiarly fortiuiate in hav- 
ing as the first editor a man so highly endowed -with the qualities that 
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have made him a distiiiguifihecl leader in American medicine. Ah he 
relinquishes the editorship of tlic Jouhnae Avhieh he has served so 
loyally and unselfishly, the American Heart Associalion through ils 
Board of Directors expresses to him ils deep gralifude, ifs warm hope 
for many happ.y jmars of profitable nctivily, and its sense of continu- 
ing dependency upon his wise eminsei. 

The American Heart Association and The C, V. IMosby Company have 
the honor of announcing that ]3r. Conner’s successor as editor-in-chief 
of the American He^aut Joeunae will be Dr. T’red M. Smith, Professor 
of Medicine in the Stale Univci’sity of Iowa. There are probably few 
men ii\ the field of cardiovascular disease who have as many warm 
friends in the medical profession, and they will rejoice at this recog- 
nition of his ability and intluence. His many contributions to onr 
knowledge of heart disease and ils treatment are .so well itnown 
thronghont this country and abroad that no word is needed as to his 
qualifications for this distingnished position. He will have as associ- 
ate editors Drs. Ilornee M. Korn.s of Iowa City, Hugh MeCnlloeh of 
St. Louis, and Irving S. Wright of New York City, 

The publishers of the Journal and the Association of which it is the 
official organ welcome Dr. Smith to his now post, confident, of his ability 
to continue tlic splendid work of his predecessor, aud bespeak for liim 
and his associates the same fine support and cooperation that were ac- 
corded Di'. Connor. 


II. M. .Marvin. 



Original CommuniGations 


A STUDY OF THE RENAL ARTERIES IN RELATION TO AGE 

AND TO HYPERTENSION'' t 

Robert H. Williaims, M.D., and Tinsley R. Harrison, M.D. 

Nashville, Tenn, 

T he concept that the kidney is responsible for most of the clinical 
instances of hypertension was at one time widely held. With the 
more general use of the sphygmomanometer and following the develop- 
ment of methods of estimation of renal function, it became clear that, 
while in patients with glomerular nephritis the increase in blood pres- 
sure is clearl}’ secondary to renal diseases, the more common U^Des of 
hypertension are frequently encountered in persons who display only 
minimal evidence of functional impairmeiit of the kidneys and exhibit 
no striking gross anatomical abnormalities of these organs at atitopsy. 
Thus the concept of “essentiaP’ (i.e., nonrenal) hypertension gradually 
developed, and most pathologists as well as the great majority of cli- 
nicians have accepted this general idea. 

Quite recently interest in this question has been again aro.used by 
the work of Goldblatt and his associates,^ which has been confirmed by 
several different investigators, and whicli has shown that experimental 
interference with the renal blood supply in dogs can cause persistent 
hypertension without evidence of significant change in renal function. 
Since these animals present a symptom-complex whicli resembles that of 
essential hypertension in man and since patients witli the latter condi- 
tion usually display abnormalities in the renal arteries, it appears that 
tlie whole subject of the relationship between elevated blood pressure 
on the one hand and renal arterial disease on the other hand should be 
investigated further. The present report represents an attempt to 
approach this problem from tlie histological standpoint. 

selection of materlvl 

A group of 10 subjects between the ages of fiftj’^ and seventy-five 
years were studied. This age group was chosen as it was vdshed to 
note the effects of long-standing hypertension. To study the changes 
m cases of more rapidly developing and more severe hypertension, a 
group of 10 subjects with malignant nephrosclerosis were chosen be- 

*From the Department of Medicine, V’'anderbilt University, Nashville, Tenn. 
tThis study, was aided hy the Division of Sciences of the Rockefeller Foundation. 
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Table I — Continued 

Changes in the Renal Vessels and in the Glosiekhli in Relation to Age and to Hypehtension 
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*Tho values for the weight of the heart of patients with cardiac valvular disease are not included. 

tA value of 100 woidd indicate that all structures showed the change in question to a marked degree. See te.xt for method of ealculation. 
tThis refers to the average number of glomeruli in a low power field 4.2 x 3.2 millimeters in diameter. 

§ When the weights of the kidneys arc considered this figure is 24. 
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U-ecn the ages of thirty and forty years. Six patients dying between 
the ages of twenty-one and thirty-two years with chronic glomerular 
nephritis were analyzed. (In our limited material we could find only 
six cases wliich fulfilled all the reciuirements.) In choasing the latter 
group, we believed that (1) the changes associated with essential hjT>er- 
tension could be eliminated, (2) comparisons of the changes in “renal 
h 3 T)ertcnsion” could be made with those in “nonrcnal hypertension,” 
and (3) involutional changes associated with advancing years would be 
practically absent. 

All hypertensive subjects were chosen with the follov/ing require- 
ments : 

(1) Systolic blood pressure of 160 mm. or above and a diastolic 
pressure of 95 mm. or above. 

(2) Combined weight of kidneys 220 gm. or more (excluding glo- 
merular nephritic group). (It was believed that the kidneys of essen- 
tially normal wnight wnre less likely to show changes due to other 
causes.) 

(3) Weight of heart increased. 

Three additional groups of ten subjects witli ages corre.sponding to those 
above, but showing no evidence of hypertension or renal damage, were 
chosen to evaluate properly the degree of changes due to the age factor 
alone. 

Patients of the tlircc control gi-oups died of miscellaneous diseases 
Avhich were infectious in iiature in most instances. Uremia was the 
cause of death in all the patients with glomerular nephritis, with ter- 
minal congestive heart failure in four of the six instances. Renal in- 
sufficiency wms likewise the chief cause of death in eight of the ten 
patients with malignant nephrosclerosis, congestive heai't failure co- 
exi.sting in five in.stances. The remaining two patients in this gi’oup 
died of apoplexy. In the older ln*pcrtensive .subjects renal insufficiency 
occurred twice but wms responsible for death only once, the chief cause 
of death being congestive heart failure in seven instances, angina pec- 
toris in one, and cerebral hemorrhage in the other. 

Age . — The ages of the control and hypertensive patients in each of 
the respective groups corresponded fairly Lvell. There was a slight 
discrepancy in the young groups. 

Blood Pressure . — The values of the blood pressures in the control 
groups and the hj-pertensive groups w’ere probably lower than would 
have been encountered while the patients were ambulatory and not in 
their terminal illness. As would be expected, the highest values were 
in the malignant group. (The values in Table I for the highest and 
lowest blood pressures do not represent individual measurements but 
correspond to the highest and lo-west general levels of blood pressure 
observed in any single patient in the respective groups.) 
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Kidney Weights— TI iq greatest weights were in the intermediate con- 
trol group. This was prohahlj^ due to the fact that the body weight 
was greatest in this period. It may be noted that the Iddney weights 
of the essential hypertensive groups were approximately, normal. BelP 
has pointed out that in 75 per cent of the patients with essential hyper- 
tension the kidneys show no contraction. A significant degree of con- 
traction of the kidneys was found only in the group of glomerular 
nephritis, 

Heart Weight . — The heart weight was greatest in cases of benign 
nephrosclerosis. This was most likely due to the fact that the hyperten- 
sion in this group had been present over a longer period. That age 
also played a part is shovm by the control group. 

METHOD OP STUDY AND RESULTS 

Routine sections obtained at autopsy and stained with hematoxylin 
and eosin ivere studied. In each section were examined ten large 
arteries (chiefly interlobar), twenty-five small arteries (chiefly arcuate 
and interlobular), and fifty afferent glomerular arterioles. The amount 
of thickening of the walls with resulting decrease in size of lumina was 
classified as normal, slight, moderate, or marked. (Such a method is 
obviously rough as a quantitative approach, but aU the sections were 
studied by the same observer.) For purposes of comparison the vessels 
showhig slight changes were given the value of moderate changes 
a value of %, and marked changes a value of 1. The numbers were 
added together for the arteries of a given size in a given section and 
multiplied by the expression 100/number of arteries counted. Thus, 
if all the arteries of the group under consideration in a given section 
showed marked narrowing, the resulting figure would have been 100 
and similarly 66.7 and 33.3, if all the vessels had shovm moderate or 
slight narrowing, respectively. 

Large Arteries . — ^Although each of the control groups had essentially 
tlie same blood pressure, there was a marked uicrease in sclerosis with 
advance in years (Table I and Fig. 1). Even though the glomerular 
group and benign group had the same blood pressure, there was at least 
three times as much sclerosis in the latter. However, that hypertension 
also played a role m the causation of sclerosis of these arteries was 
shovm by the degree of sclerosis in the malignant group. Considering 
this and the fact that the glomerular nephritic group showed much more 
atherosclerosis than its corresponding control group, one would conclude 
that hjTper tension was a factor in the production of renal atherosclerosis. 
Kirkes’’ and later Traube" were apparently the first to claim that hyper- 
tension produces atherosclerosis. Yet age was the more important fac- 
tor, in causing those atheromatous changes. Since it has been sliown 
that experimental narrowing, by means of the Goldblatt clamp, of 
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the large renal arteries will i)roduee h3'j)crtcnsion in animals, it is rea- 
sonable to assume that sclerosis of these vcasels in man, if sufficientl.v 
advanced, may produce hypertension. 

The fact that renal arterial disease ma3^ — rareh’ — be eompletel3' ab- 
sent (Bell and Clawson,® Fishbcrg'-*) in hypertensive patients is not evi- 
dence against this view because there is ample evidence that hyperten- 
sion is not a disease enlit3’ but includes a numljer of diffei’cnt S3'n- 
dromes. Tlie importu7it ])oinls are: that I’enal ischemia can cause hyper- 
tension; that renal atherosclerosis is almost \iniversal in subjects of GO 
years of age; tliat it is much more mai’ked in some subjects than in 
others; and that tliere is no good evidence against tlie assumption that 
it can be responsible for some of the eases of liA'pertension. According 
to this conception, senile hypertension maN’ in some instances be due 
not to a disease per se but simpl3' to an exaggeratioji of a pathological 
process whicli occurs in some measure in all subjects with advancing 
age. The increased degree of arterial disease in the kidnews of h3'per- 
tensive patients ma3' lherefoi*c be ex})lained in two wa3's; (1) The 
l^pertension increases the strain on the vessels and therebv' causes 
additional disease. (2) The h3'perlcnsion develops in the first place 
because the patient has more ar-tcriosclerotic nan-owing of the renal 
vessels than is usual for his age. 

Aeeording to this point of view, the degree of interference with the 
renal blood .supply must bo regarded as of ]>]-ime importance. Experi- 
mentall3% one finds that slight constriction of the i-enal arteries of a 
dog Avith a Goldblatt clamp maA- cause no rise in blood pj-cssure, but, 
after a certain point is reached, onl3’ slight additional constriction is 
necessai’A' to produce h3'pcrtension. That a significant and mca.surable 
degree of interference Avith the renal circAilation does exist in certain 
patients Avith renal arteriosclerosis is indicated by the Avork of various 
authors aa-Iio have shoAvn bA" pei-fusion methods that the resistance in 
the kidneys is increased in hA'pertensive subjects and b3^ other investi- 
gators Avho have demonstrated nan-OAving of the i-enal A-&sseIs‘ Ija- x-raA- 
photographs after injection. (The literature in this regard has been 
siAmmarized Iw Pi-shberg.®) 

If the opinion adA-anced aboA'e — i.c., that renal atherosclerosis ma}', 
AA-hen sufficient^ marked, be a cause of hA-pertension — is correct, one 
AAmuld expect that a vicious cycle aa'ouUI ensue, the rise in blood pressure 
causing more arteriul disease, ibis in Inrn producing furiher increase 
in Mood pressure, etc. Such a concex)tion maA' lAossibB' account for the 
progi-essive nature of glomerular nephritis and of malignant nephro- 
sclerosis once these processes are Avell established. HoAvever, this con- 
ception fails to account for the initial rise in blood pressure in 3 mung 
subjects Avith malignant hypertension and also fails to explain the 
sloAAdy progressiA'e nature of benign h5T)ertension in the subjects in 
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whom the initial rise in blood pressure is assumed to be the result of 
tlie change in the ageing renal arteries. The slower progression of the 
disorder in tliese elderly patients miglit be accounted for by the assump- 
tion that the elderly patient is less sensitive to the same stimulus than 
the younger subject. An analogy could be drawn here to cardiac 
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ranges and averages (lieavy lines) are shown. The figure shows 
inat narrowing of the large renal arteries is predominantly related to advancing 
narrowing of the renal arterioles is related chiefly to hjTiertension. In the 
^ arteries of the kidney both factors are important. There is a pro- 

i^ressive decline m the number of glomeruli ivith advancing years. 

dyspnea, for with a given degree of pulmonary congestion, as measured 
by the vital capacity, a younger person exhilDits much greater increase 
in ventilation and more dyspnea than does an elderly patient. The 
question whether a given degree of hypertensive stimulus — whatever that 
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may be— will produce as great a degree of rise in blood pressure in an 
old subject as in a young one, merits investigation. 

Small Arteries . — Our results indicate that the changes in tlic small 
arteries with advance in age began at a later stage in life, as the 
intermediate controls showed relatively little sclerosis and the elderly 
controls showed a relatively large amount. Hypertension seems to have 
been the more important factor, as tlie sclerosis was about ten times 
as great in the malignant group as in the intermediate controls and 
twice a.s great as in the elderly controls. Tlie group with malignant 
hj-pertension also showed more disease than the gi’onp with benign hyper- 
tension, even though the subjects of the latter were much older. How- 
ever, that age wms also significant was shown by the fact that the elderly 
hypertensive group showed more than twice as much sclerosis as the 
glomerular group, though the blood pressure was the same. In our 
cases of essential li 3 *pertension tiiere was found some sclerosis of the 
small arteries in everj^ case. Bell and Clawson,® studying a large series 
of hypertensive cases, found that 98 per cent showed some change in 
these vessels. This change was noted in all but one of our cases of 
glomerular nephritis, and in this ease the hyperten.sion was of much 
shorter duration than in the other cases. Fishberg’ noted that it was 
most likely to be present in long-standing cases. 

Afferent Glomerular Arterioles. — ^Although there was a definite in- 
crease in sclerosis in this group with increase in age, the latter played 
a verj' small role as compared with the changes associated with hyper- 
tension. There was more than three times as much sclerosis in the 
glomerular nephritic group as in the cldeily controls. The subjects 
with malignant nephrosclerosis, Avith the highest blood i)ressure, .showed 
the most outspoken changes. When allowance Avas made for the great 
disparity in the age.s, the patients Avith glomerular nephritis had prac- 
tically as much narroAA-ing of the arterioles as did the individuals AA'ith 
benign nephrosclerosis, the blood pressure being essentially the same in 
the tAvo groups. Since in the earlj^ stages of hypertension notcAvorthy 
changes in the blood A'cssels may not be found, it is bclicA'cd that the 
sclerosis i.s secondary to the hj'pertcnsion. This opinion is in accord 
Avith those of Pi.shberg and of Bell and ClaAvson and is strengthened by 
the Avork of Blount,’'* Avho shoAved that in amphibian larr-ae in which 
A-asoconstriedion Avas produced by pituitary transplants increase in the 
.size of the heart preceded hyalinization of the basement membrane of 
the glomeimlus. 

However, one cannot attribute all the A'ascular changes in glomerular 
nephritis to hypertension because the sclerosis of the glomeruli Avill 
cause narroAving of the a.s.sociated arteriole. The relative role of this 
factor may be determined by comparing the changes in the kidneys v/ith 
those in other organs. 
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Comparison of the Vascular Changes in the Pancreas and Adrenals 
With Those in the Kidneys. — ^As it was desired to compare the vascular 
clianges of the kidneys witli those of other very vascular organs, studies 
were made of the sections of the pancreas and adrenals in five of the 
previously mentioned elderly subjects -and in five of each hj^pertensive 
group. Estimations were made of the degree of narrowing of the 
arterioles in the adrenals and of the small arteries and the arterioles in 
the pancreas (Table II and Fig. 2). 
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Fig". 2. — In the patients with malisrnant nephrosclerosis and in those -with benign 
hypertension there appears to be some relationship between arteriolar narrowing 
and the decrease in the number of glomeruli. No such relationship exists in the 
elderly control subjects. In none of the groups is there any dehnite relationship 
between the degree of narrowing of the large and small arteries and the number 
of glomeruli. 


The chauges in the arterioles of the three organs closely paralleled 
each other. 

The small arteries of the pancreas also showed definite narrowing 
in the elderly controls and in each of the hypertensive groups, but the 
degree of change was less than that found in the kidneys. Since, on the 
one hand, there were definite although rather slight changes in the 
small pancreatic arteries of the young subjects with glomerular nephri- 
tis, and since; on the other hand, these vessels also showed definite 
changes in the elderly control groups, it is evideut that in the pancreas 
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Table II 

Degree*' of NAREOv/nco or Smali. Vessels of Kidkey, Pancreas and Adrenals 




ArvTERIOLE.S 


SilALL ; 

VRTERIE.S 


KIDN’EV 

I'AZCCr.EAS 1 

ADRENALS 

KIDNEY ! 

I'ANCREAK 

Elderly controls 

22 

, 20 

.32 

4.3 

27 

Elderly subjects : Benign 
hyperten.sion 

Qi. 

70 

m 

83 

67 

^Middle-aged subjects : | 

ilal i gnant li j’pertensi on : 

07 

69 

72 

90 

.38 

i 

Young .subjects; glomeru- 
lonepliritis 

36 

27 1 

.30 

1 2-5 

[ 

j J.3 


♦The fl(jur<is shown represent the average values for five cases, A figure of lOo 
would Indicate that all .structures showed m.arked narrov.-Ing, 


as in the kidney both age and hypei'tension may iie important factors 
in the production of degenerative changes in the small arteries. 

Types of IJisiological Change in ihc Renal Arierial Tree. — Thus far 
we have considered the degree of narrovring, i.e., the quantitative changes 
in the vessels. Coneeniing the qualitative changes we have nothing 
to add to the descriptions already published by .Jorcis.’’ Fahr,’^ Fish- 
berg® and Bell and Clawson.® As these authors have pointed out, the 
changes in the large vessels are pi*edominantly atherosclerotic: tho.se in 
the small arteries consist particularly of hyperpla.stie elastic intimal 
thickening (.lores); and the alterations in the arterioles consist in 
hyalinization, irtth necrosis in the acute cases of malignant nephro- 
sclerosis. The vascular changes in glomenilar nejihritis were similar, 
although less marked, to those in the otlier two groups of hypertensive 
patients, except that the change spoken of by Bell and Clawson as 
regenerative intimal thickening, which they regard as the result of 
glomerular occlusion and which consists of delicate fibrous tissue rather 
than coarse lamellae, was relatively more frequent in this group. 

Changes in the Glomcrnli. — A study was made of the qualitative and 
quantitative changes in the glomeruli associated with advance in age 
and with the previou.sly mentioned types of hj'perten.sion. The sections 
analyzed were the same as those u.sed for the study of the va.scular 
changes. 

Under low power were counted the number of glomenili in several 
fields, each 4,2 x 3.2 mm. in area, and the average computed. Allowance 
was made for the reduction in weight of kidneys in the group of glo- 
merular nephritis. Areas showing marked degrees of scarring were not 
counted. One hundred consecutive glomeruli were counted under hijih- 
power magnification, and the degree of capillary hyalinization. thicken- 
ing of the capsule, dilatation of the cap.s-ule, contraction of the tufts .and 
varying combinations of these were recorded. (A few of these changes 
are noted in Table I. The values given were obtained by calculations 
.similar to those made in the ea.se of the arteries.) 
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Vaiyiug* alteration in the giomeriili was noted. The lakelike dilata- 
tion of the afferent arterioles, described by Lohlein^® as being one of the 
earliest changes associated with lypertension, was frequently noted. 
The early changes described bj^ McGregor^^ — ^liyalinization of the capil- 
lary basement membrane of the glomerulus — was also often observed. 
With progression of the disease there occurred varying degrees of 
capillary hyalinization, thickening of the capsule, and a gradual con- 
traction of the entire glomerulus. The capillary hyalinization was fre- 
quently seen to occur alone. Tliickening of the capsule occurred alone 
but rarely. Dilatation of Bowman’s capsule with shrinkage of the 
glomerular tuft has been an infrequent finding. There were only a 
few glomeruli that did not show some of these changes. There was 
much more complete scarring of the glomeruli in the group of glo- 
merular nephritis than in other hypertensive cases. The control group 
.showed these changes to a less degree with advance in age. 

Moore"^^ found that in both man and rat there was a progressive 
decrease in the number of glomeruli with advaneing years. Although 
our subjects within a given group displayed wide fluctuations the average 
figures exhibited this general tendency (Table I and Fig. 1). 

As a rule, tliere were fewer glomeruli per field in the hypertensive 
subjects than in the control individuals within the same age group. 
When the weight of the kidnej’’s was taken into account, tlie glomerular 
nephritic group showed fewer glomeruli than any. The changes in the 
control groups Avere relative^ rare. 

As shown in Fig, 3, there Avas no definite relationship of the degree 
of Amscular disease to the number of glomeruli in the case of the large 
and small arteries, but the hypertensive cases seemed to shoAV a definite 
decrease in the number of glomeruli AAdth advance of the disease in the 
arterioles. This decrease maj’- be a result of sclerosis of the A’^essels AAuth 
resulting atrophy of the corresponding nephron. On the other hand 
the sclerosis of the vessels may be secondary to involutionarj'' changes 
in the glomeruli analogous to those described by Graffiin^® in the daddy 
. sculpin. He found that glomeruli, Avhile present at birth in these fish, 
gradually disappeared Avith advancing age and Avere practically com- 
pletely absent in the mature adult forms. Alterations similar to those 
in the sculpin AA'ere occasionally seen in our material. Post hoc, propter 
hoc, it may be concewed that an atrophy of a .large number of glomeruli 
might faAmr the dcA^'clopment of h^Tiertensiou. 

Another change Avhich Grafflin described consisted in a pinching of 
the neck of the tubule, Avith blockage and SAvelling of the glomerular 
capsule and consequent pressure atrophy of the capillary tuft. This 
AA’as encountered but rarely in our sections. 
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Mscussrox 

The heaving of tlie findings on the general conception of essential 
hypertension may nov; lie briefiy discussed. The evidence for the exist- 
ence of essenl ial (i.e., nonrenal) hyim-lmsmi consisSs in tiie oeet/rrenee 
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of a group or patients \s'ithout a history of antecedent nephritis v.iio 
present a picture— at least in the early stages of the disease — of elevated 
blood pressure witli no demonstrable impairment of renal function, and 
who exhibit at necropsy little or no alteration in tlie gross appearance 
of the kidney. The clinical esudenee is no longer valid, for dogs with 
experimental renal ischemia and with an increase in blood pre.=sure, 
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which is obviously of renal origin, may have identical clinical j&ndings. 
The pathological evidence actnallj’' shows that, while in some of the 
people with essential hjTjertension changes in the renal vessels may be 
of such slight degree as to furnish no adequate explanation for the 
genesis of the increase in blood pressure, in other patients narrowing 
of the renal vessels similar to but more marked than that which occurs 
simply with advance in years may be amply sufficient to account for a 
rise in blood pressure. Such cases are possibly not really essential 
hypertension at all but belong to the group of renal hypertension, the 
rise ill blood pressure being initially due to a degenerative process in 
the kidneys rather than to an inflammatory process as in patients vith 
glomerular nephritis. 

It is not meant to imply that all essential liypertension is of renal 
origin. Tlie pathological evidence does not indicate this but only that 
some of sueli cases may be of renal origin. This view is quite different 
from that advocated by Gull and Sutton,^" and by numerous later 
authors, which holds that the increased peripheral resistance of lijqDer- 
tension is dependent on generalized ‘'arteriocapillary fibrosis.” It 
would appear tliat, when sufficiently advanced, sclerosis of the renal 
vessels alone can cause hypertension. The rise in blood pressure is 
clearly not the direct mechanical result of the obliteration of the renal 
vascular bed, for ligation of the renal arteries does not cause an imme- 
diate increase in blood pressure. The mechanism whereby narrowing 
of the renal vessels produces generalized vasoconstriction remains ob- 
scure and requires further investigation. 

SUMMARY 

A quantitative study has been made of the arteries, arterioles and 
glomeruli, in sections from the kidneys of elderly subjects with be- 
nign hypertension, of middle-aged individuals with malignant hyper- 
tension and of young persons with hypertension associated with glo- 
raerulonepliritis. For purposes of comparison sections from the kidneys 
of' nonhypertensive subjects in the same age groups have also been 
studied. The chief findings and conclusions are as follows: 

1. NarroAving of the large renal arteries is predominant^ related to 
advancing age, the degree of change A’arying markedly in different 
subjects. Individuals Avith hypertension exliibit on the aA’erage more 
change in these A^essels than do subjects of the same age dying of other 
diseases. 

2. Narrowing of the afferent glomerular arterioles appears to be 
mainly the result of hypertension, increasing age being a less important 
factor than in tlie case of the larger renal arteries. 

3. NarroAAmig of the small renal arteries is related both to hyperten- 
sion and to increasing age, neither factor being particularly predom- 
inant. 
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4. Tlie small arteries in tlic pancreas exliibif less marked naiawving 
than do those of the kidney. 

5. The arterioles in the paneroas aTid Ihose in the adrenals show 
approximately the same degree of change as do those in the kidneys. 

6. With increasing age there is a progressive decrease in the number 
of glomeruli per microscopic field, the change being more 7narked in 
hypertensive than in nonhyi)ertensive su])jocts. Narrowing of the 
arterioles and ai’t cries is one factor, but additiorial faeloJ'S also seem 
to play roles in the diminution in the number of glomeruli. The pos- 
sibility that involutionary changc.s, similar to those occurring in certain 
lower animals, arc also concemed is discussed. 
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RESULTS PROI^r TRICHLORETHYLENE INHALATIONS IN 
THE ANGINAL SYNDROME OP CORONARY SCLEROSIS^' 

Fredrick A. "Willtus, M.D., and Tho^nias J. Dry, IM.B. 

Rochester, ]\Iinn. 

I N 1935 Krantz and his coworkers called attention to their experimental 
work on the pharmaeolog}’’ of trichloreth 3 dene and made the following 
ohseiwations^'^ : (1) triehlorethjdene causes a constriction of the per- 

fused vessels of the frog; (2) it does not affect the consumption of 
ox 3 'gen hj’ rats; (3) it has a variable effect on the coronarj' blood flow of 
the dog, at times it increases and at other times it diminishes the blood 
flow; (4) it decreases the blood pressure and slows the heart rate in 
dogs; and (5) when applied directN to the sciatic nerve it fails to block 
the responses of the blood pressure and respiratoiy s.vstem to faradiza- 
tion. 

These workers concluded that the drug produces h.vpalgesia b^’’ de- 
pressing the basal ganglions and possibly- causes a relaxation of the 
vessels of the splanchnic region while producing peripheral vasoconstric- 
tion. 

In a recent publication. Love'* reported his results in the treatment of 
angina pectoris and coronary* thrombosis with trichloreth^dene. Twentj’’- 
one patients who had the anginal s.midrome, including one who had 
s^Tihilitic aortitis, were treated in this manner. Nine of these patients 
were said to have had coronaiy thrombosis at some previous time. Six- 
teen patients had lypertension. Inhalations were given on the average 
of three times dail 3 ^ In eight cases the anginal attaclvs were completed* 
prevented, in eight other cases the attacks were diminished in severity 
and freqiiencj’-, and in one case (sjiihilitic aortitis) moderate improve- 
ment occurred, but antisyphilitic treatment had also been administered. 
In the four remaining cases no improvement occurred. In three of six 
cases with coronaiy thrombosis he claimed to have controlled the pain 
with inhalations of triehloretlylene at times when administration of 
opiates had failed to do so. 

The interpretation of results in the treatment of the anginal simdrome 
of eoronari^ sclerosis is extremelj* difficult and in undertaking to evaluate 
the merits of am- therapeutic program aU other modifying procedures 
must be ver^^ carefuUy considered. Changing the conditions under which 
the patient lives, such as imposing complete rest in bed or greath- re- 
stricting ply si cal activities frequently brings about considerable im- 
provement in the s.vmptoms. Furthermore, individual eases are not 
strictly comparable ovdng to the fact that temperament, occupation, 
habits of life and heredity differ wideV in different cases. Likewise, the 

*Prom The Section on Cardiology- and. The Division of Medicine, The Mayo Clinic. 
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season of the year influences the subjective phenomena of tlie disease; 
many patients experience the attacks under less i)rovocation when the 
weather is extremely cold than they do in the milder seasons of the year. 

In undertaldng a study of the effect of inlialations of trichlorethylene 
on the anginal syndrome of coronary sclerosis wm wure w'ell aw-are of the 
difficulties that confronted us in the interpretation of results. We 
observed forty such patients. The first ones to receive treatment were 
seen in January, 1936 and the series was concluded in November of the 
same year, so that sixteen months have elapsed since the beginning and 
five months since the close of the observation. With onl}’" three excep- 
tions, the patients remained ambulatorj’- while under our care. This was 
done in an attempt to minimize the influence of unu.sual restrictions, but 
even so, these patients were aw'aj’’ from home and awmy from their accus- 
tomed responsibilities of life and may have been under conditions more 
conducive to rest and relaxation than would be the case w'ere they treated 
in their respective communities. They w'erc also perhaps more hopeful 
as they realized that the form of therapy they were receiving wus new 
in the treatment of an mcurable di.sease. 

JtlETHOU OF ADJIIXISTERING TRtCHLORETHVLENE 

The method of administering trichlorethylene was carried out uni- 
formly in all cases. Glass ampules, each containing 1 c.e. of the drug, 
w'ere broken in several layers of gauze and the patient, while in the 
recumbent position, was permitted to inhale the vapor for exactly two 
minutes. This procedure w’as carried out morning and evening for the 
first week. During the second week it was repeated twnce daily on 
alternate days, and from then on, twice daily for twm days each w-eek. 

This method of administration wms arbitrarily chosen, especially with 
the intent of caution, as we w'ere dealing with a drug regarding wffiich 
little experience was available as to its more or less prolonged and re- 
peated use. The presumable industrial hazards of trichlorethylene 
have been reported by Ilamilloffi and by Dicliei-t®; u7itoward reactions 
appear to follow^ the use of the un])urc preparations of trichlorethylene 
for commercial pui’poses. 

The immediate subjective effects of the inhalations were variable, 
iilost of the patients experienced transitory light-headedness or giddi- 
ness; some became drow^s>■, and a few' lo.st consciousness brieflj’^ before the 
inhalation was completed. One patient experienced transient visual 
hallucinations, and saw wliat appeared to him as myriads of small 
brightly colored balloons. In only one case did evidence of intolerance 
1o the drug become evident; the patient, wdio wns a man, had a small 
macular eruption which was distributed diffusely over the body. This 
ap])eared on the third day and disappeared wffien the inlialations w’ere 
discontinued. Kenew'ed administration of trichlorethjflene was well 
tolerated. 
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Our observations were limited entirely to patients who had the anginal 
syndrome of coronary sclerosis (forty cases). The study did not include 
eases of acute coronary thrombosis althougli four patients previously had 
. had this condition. 

RESULTS OF TBEATLIENT 

Gases in which varying degrees of improvement occurred (eighteen cases, 45 
per cent). — CxVSE 1. A Jew, aged fifty-seven, years, who ran a hoarding house, had 
suffered from anginal attacks for three years. The attacks had recurred three to 
four tinies daily after walking only three or four blocks. A roentgenogram showed 
calcification of the arch of the aorta; an electrocardiogram revealed diphasic T-waves 
in Lead 11, negative T-waves in Lead III and lengthened Q-waves in Lead III. 
There was no history of previous coronarj' thrombosis. The value for the systolic 
blood pressure was lOS mm. of mercury and that for the diastolic pressure was 
76 mm. After nine days of treatment, the frequency of the attacks decreased. 
After the lapse of one year there has been a diminution of both the frequency 
and the severity of his effort pain, and he is able to walk six to seven blocks 
without discomfort. Improvement was only moderate. 

OxVSE 2. A Jewish fish merchant, aged forty-eight years, had had anginal seizures 
for three years. Attacks occurred three or four times daily and he could walk 
only two blocks without stopping. Koentgenological examination did not disclose 
any abnormalities; an electrocardiogram showed sinus rhythm and lengthened 
Q-waves in Lead HI. The value for the systolic blood pressure was 134 mm. of 
mercury and that for the diastolic pressure was 94 mm. The patient has con- 
. tinned with the treatment for nine months. The frequency of the attacks has de- 
creased and he can walk farther than he could before. There was no history of 
previous coronary thrombosis. Improvement was only moderate. 

Case 3.- A physician, aged fifty-eight years, who was a stolid type of individual, 
had suffered from anginal attacks for one year. The attacks had occurred two 
to four times daily and he had not been able to walk more than two blocks without 
stopping. A roentgenogram revealed that the heart was slightly enlarged. An 
electrocardiogram revealed diphasic T-waves in Lead II, negative T-waves in Lead 
. Ill, and lengthened Q-waves in Lead III. The value for the systolic blood pressure 
. was 130 mm. of mercury and that for the diastolic pressure was 96 mm. He noted 
marked improvement after treatment had been given for seventeen days, and 
fifteen months after treatment was started he was able to resume general practice 
and at the present time he has only mild attacks after unusual effort. There was 
no liistory of previous coronary thrombosis. Improvement was marked. 

Case 4. A farmer, aged sixty-six years, had had anginal attacks for seven 
years. During the last few months before he came to the clinic the attacks had 
increased in frequency and severity and the patient was admitted to the hospital 
m status anginosis. Eoentgenological examination did not disclose any abnormality. 
An electrocardiogram showed diphasic T-waves in Lead I, isoelectric T-waves in 
Lead II, lengthened Q-waves in Lead III and a delayed P-E interval of twenty- 
four hundredths of a second. Frequent tracings were not altered. The value for 
the systolic blood pressure was 120 mnr. of mercury and that for the diastolic 
pressure was 80 mm. The patient gradually improved and eleven months after 
treatment was started he was doing light farm work in spite of admonitions to the 
contrary. At present, he experiences attacks which are milder and less frequent 
than they had been. There was no positive evidence of coronary thrombosis al- 
though this condition was suspected at first. Improvement occurred in this case. 
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Case 5. A Jewish merchant, aged fifij'-one years, had snfTered from anginal 
attacks for one year. The attacks had keen irregnlar in occmrrence hut usually 
had appeared several times daily, after moderate activity, Eoentgcnological exam- 
ination disclosed no ahnonnality. An electrocardiogram was normal. The value 
for the systolic blood pressure was 132 mm, of mercury and that for the diastolic 
pressure was 88 mm. There was no histoiy of coronary thrombosis. The patient 
obtained complete relief from the attacks and he can now w.alk a mile. Treatment 
was continued after sixteen months. 

Case G, A man, aged sixty-five years, who was an educfitor and of an intensive 
type, had experienced anginal attacks for six years. The attacks had occurred 
daily after moderate elTort. Roentgenological examination disclosed no abnormality. 
An electrocardiogram showed negative T-waves in Lead I. The value for the 
systolic pressure was 172 mm, of mercury and that for the diastolic jircssure was 
ns mm. Treatment has been continued for thirteen months and the patient say.s 
he has derived remarkable improvement from it. He now cxi)criences only occji- 
sional mild discomfort. There was no history of coronary thrombosis. 

Case 7, A janitor, aged sixty-five years, had had anginal attack.s for eight 
months. During the last two months before he came to the clinic the attacks had 
become more frequent and more severe than they had been and he was admitted 
to the hospital in status anginosis. Roentgenological examination disclosed no ab- 
normality. The electrowirdiogram showe^l dipha-sic T-waves in Loads I and H and 
negative T-waves in Lead III. Tliere was no alteration on subsequent oerjasions. 
The value for the systolic blood pressure was 148 mm. of mercury and that for the 
diastolic pressure was SO mm. Tlie patient showed gradual improvement and now, 
after fifteen months, has only occasional mild attacks. There was no X)OSitive evi- 
dence of previous coronary thrombosis although this rendition was suspected at 
fir.st. Definite improvement occurred in this case. 

Case S, A physician, aged sixty years, had experienced an anginal syndrome for 
ten years. The attacks had occurred once or more daily if he had hurried. Roent- 
genological examination disclosed no abnormality. An electrocardiogram was norraab 
Tlie value for the systolic blood pressure was 120 mm. of mercury and that for the 
diastolic pressure was 80 mm. Treatment has been continued, and after a year 
the attacks are less frequent and are less severe than they had been. Tlierc was 
no liistory of coronary thrombosis. Moderate improvement occurred in tliis ca.se. 

Cask 9. A fanner, aged fifty-five years, had liad anginal attacks for nine month.s. 
He had had daily attacks and had been able to walk only three blocks without pain. 
Roentgenological examination showed timt the heart was slightly enlarged. An 
electrocardiogram was normal. The value for the sy.stolic blood pre.ssure was 1G4 
mm. of mercury and that for the diastolic -pressure was 88 mm. He has continued 
treatment for eight numtli.s, and recently xeitortcd that his condition was improved. 
He now can walk half a mile without provoking an attack. There was no hi.story 
of coronary thrombosis. 

Case 10. .A. Jewish iieddler, aged fifty-six years, had had anginal seizures for 
two years. He had been able to walk only one block without pain and the attacks 
had occurred daily. A roentgenogram showed .slight calcification of the aorta- An 
electrocardiogram was normal. The value for the sj-stolic blood pressure was 114 
mm. of mercury and that for the diastolic pressure wa.s 78 mm. .Seven montlis after 
treatment was started the patient reported that his condition was improved, but 
that he still experienced painful attacks as a result of efTort, He now can walk 
further than he could. There was no history of coronary- thrombosis. Slight im- 
provement occurred in this case. 
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Case 11. A man, aged forty-nine years, wlio -was an insurance agent, and of a 
very apprehensive type, liad had anginal attacks for four years. He had experienced 
at least three attacks daily and they had occurred especially after moderate effort 
and after meals. Eoentgenological examination did not disclose any abnormality. 
•An electi’ocardiogram was normal. The value for the systolic blood pressure was 138 
mm. of mercury and that for the diastolic pressure was 84 mm. He has continued 
the treatment for nine months and reports that he is more active than he had been 
and that the frequency of the attacks has decreased. There was no history of 
coronary thrombosis. Moderate improvement occurred in this case. 

Case. 12. A merchant, aged fifty-seven years, had had anginal attacks for one 
year. The attacks had occurred daily and had been brought on by walking two 
blocks. A roentgenogram showed calcification of the arch of the aorta. An electro- 
cardiogram revealed low voltage T-waves in Lead III. The value for the systolic 
blood pressure was 122 mm. of mercury and that for the diastolic pressure was 74 
mm. He has continued treatment for five months and reports that his activities have 
been definitely increased when he is not under the stress of his business. There was 
no liistory of coronary thrombosis. The improvement in tliis ease was questionable. 

Case 13. A physician, aged fifty years, had had an attack of coronarj'' throm- 
bosis tlurce years before he came to the clinic and had had severe recurrent anginal 
seizures since. He had been completely incapacitated. He liad been unable to walk 
a block and a half without pain. A muscle flap operation had been performed 
but painful seizures had continued to recur. Roentgenological examination did not 
disclose any abnormality. An electrocardiogram revealed diphasic T-waves in 
Lead III and lengthened Q-waves in Lead HI, The value for the systolic blood 
pressure was 116 mm. of mereurj’- and that for the diastolic pressure was 84 mm. 
"While the patient has continued to have attacks, they are less frequent and severe 
than they had been and the nocturnal attacks have ceased. He can now walk four 
blocks. Treatment has been continued ten months. It is difficult to evaluate the 
results in tliis case, owing to the presence of a healed infarction and because an 
operation which was intended to increase the vascularity of the heart had been 
performed. Slight improvement occurred. 

Case 14. A physician, aged forty-seven years, had had anginal attacks for 
thii'teen months. Coronary thrombosis had occurred eleven months before he came 
to the clinic. The anginal attacks had occurred three to four times daily after 
very slight exertion. Roentgenological examination did not disclose any abnormality. 
An electrocardiogram showed T-wave negativity in Lead I, The value for the 
systolic blood pressure was 148 mm. of mercury and that for the diastolic pressure 
was 108 mm. After the treatment had been employed for six months the patient 
continued to have attacks of pain but believed that he could walk farther than 
he could before the treatment was started. At times he can walk as far as a 
mile and a half. Slight improvement occurred in this case. 

Case 15. A housewife, aged sixty-three years, had had anginal attacks for nine 
j ears. She had been unable to walk more than a block at a time without producing 
pain. A roentgenogram showed the heart was slightly enlarged. An electrocardio- 
gram was normal. The value for the systolic blood pressure was 160 mm. of 
mercmy and that for the diastolic pressure was 80 mm. She reported that her 
condition was improved after treatment had been continued for six months. She 
still has attacks but they occur less frequently than they did formerly and are 

ess severe. There was no lustory of coronary thrombosis. Slight improvement 
occurred in' tliis case. 

Case 16. An unemployed man, aged sixty-six years, had had anginal attacks 

or a year and a half. Daily pain had been brought on by walking less than two 
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bloclts. Eoeiitgcnological exuinination did not diacloHe any al)nornialily. An eleC' 
trocardiogram wtis normal. Tlie value lor the aystolic blood pressure was loS mni. 
of mercury and that for the diastolic prc.ssurc was 78 mm. lie has been taking 
treatment for seven montlis and recently reported that his condition was slightly 
improved. Tlio attaek.s occur )e.SH frequently than they did and lie now e;in walk 
four blocks. Slight improvement occurred in this ca.se. 

Cask 17. A man, aged lifty-eight years, who wiis an e.veculive, had hud anginal 
attacks for a year and a half. He had had attacks daily, and walking three or four 
blocks had induced tiic attucks. Ifocntgcnological examination did not disclose any 
abnormality. An clectroeardiograin was normal. The value for tlie systolic Idood 
pressure was 108 mm. of mereury and that for the diastolic pre.ssiire w:i.s PI mm. The 
patient has retired from business and is leading a life of leisure; five months 
after the treatment was started he re])orted that his condition was considerably 
improved. The fact that the patient completely altered his mode of living makes 
the evaluation of treatment in this case very unsafe. There was no history of 
coronary thrombosis. Improvement apparently oecun-ed in this case. 

Case 18. — A. man, aged forty-six ycar.s, wlio was .a druggist, had had aiigiiml 
attacks for seven years. The attacks had occurred .several times daily as a result 
of very slight exertion or excitement. A roentgenogram sliowed that the heart wa.s 
moderately enlarged. An electrocardiogram was normal. The value for the systolic 
blood pressure was 100 mm. of mercury and Hint for the diastolic ])ressurc was 
108 mm. Tlie patient still has occasional attacks but is consi/lorably improved; 
ho has continued treatment for thirteen months. There was no history of ijoronary 
tlirombosis. 

Cases in which moderate improvement occurred early in the course, of ireatme.nt 
hut was followed hy an aggravation of symptoms while the patieuls still were under- 
going treatment (five cases, lS.d per cent). — Case 10. A .Tewish merclinnt, aged 
sixty years, had had anginal attacks for fourteen years. During tlie last few 
months before be came to tlie clinic hi.s symptoms had increased in severity and 
he had not been able to climb a flight of stairs or to walk a block without pain. 
Ilocntgcnological examination did not disclose any abnormality. An electrocardio- 
gram showed diphasic T-waves in Load I. The value for the systolic blood pressure 
was 130 mm. of mercury and that for the diastolic pressure was 80 mm. For three 
months after the institution of treatment the patient felt greatly improved and 
ivas able to walk six to eight Idoeks witliout pain. However, following an acute 
infection of the upper part of the respiratory tract the symptoms have returned 
in spite of the treatment. There was no history of coronary thrombosis. 

Ca.se 20. A druggist, aged fifty-two ycar.s, liad had anginal attacks for three 
and a half ycar.s. He liad been able to walk only one block without pain. Eoent- 
genological examination did not disclose any abnormality. An electrocardiogram 
was normal. The value for the systolic blood pressure was ISO mm. of mercury and 
that for the diastolic pressure was 110 mm. For a month the nttacks decreased in 
frequency and severity but with the onset of cold weather the attacks were as 
severe as they had been. The patient went south and noted improvement again. 
There was no history of coronnry thrombosis. 

Case 21. A housewife, aged fifty-fivc years, had sufCorod from anginal attacks 
for two and a half years. She had had from eight to ten attacks daily after very 
moderate activity. A roentgenogram showed that the heart was moderately en- 
larged. An electrocardiogram revealed diphasic T-wsives in all lemls. The value for 
the systolic blood pressure was 218 mm. of mercury and that for the diastolic 
pressure was 134 mm. For the first five months after treatment was instituted 
the patient obtained marked relief, and the frequency of the attacks was decreased 
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even Avlien activity Avas increased. HoAvever, during tlie last three months before 
this paper was written the severity' and frequency of the attacks have increased 
in spite of treatment and decreased actmty. There Avas no liistory of coronary 
thrombosis. ^ 

Case 22. A houseAAufe, aged fifty-three years, had had anginal attacks for five 
years. Tavo or three attacks had occurred daily, after slight effort. Eoentgeno* 
logical examination did not disclose any abnoimality. An electi-ocardiogram was 
normal. The S’alue for the systolic blood pressure Avas 132 mm. of mercury and 
that for the diastolic pressure Avas SO mm. The patient felt greatly improved during 
the first fiA-e months of treatment, but since an acute infection of the upper part 
of the respiratory tract occurred in the AA'inter, she has noted no further relief 
from treatment, and the attacks are as severe and frequent as they had been before 
treatment was instituted. There was no history of coronary thrombosis. 

Case 23. A retired Je\A'ish merchant, aged fifty -nine years, had suffered from 
anginal attacks for tAvelve years. He had had from five to eight attacks daily j 
the attacks had occurred when he had AA’alked less than one block. Eoentgenological 
examination did not disclose any abnormality. An electrocardiogram shoAved 
diphasic T-waves in Leads I and II. The Amlue for the systolic blood pressure was 
126 mm. of mercury and that for the diastolic pressure Avas 82 mm. The frequency 
and - severity of the attacks were decreased after the first ten days of treatment, 
but since then it has been necessary to administer from three to ten tablets of 
giycerjd trinitrate daily. There Avas no historj' of coronary thrombosis. 

Cases in which the treatment did not produce any improvement (thirteen cases, 
SB. 5 per cent). — Case 24. A banker, aged sixty-eight years, had had anginal at- 
tacks for three years. At the time of his A’isit to the clinic, he Avas experiencing 
one to tAvo attacks daily; the attacks occurred after slight effort, particularly after 
the evening meal. A roentgenogram shoAved that the heart was slightly enlarged. 
An electrocardiogi-am Avas normal. The A*alue for the sj’stolic blood pressure Avas 
180 mm. of mercury and that for the diastolic pressure was 110 mm. There was no 
improvement whatsoever after treatment had been continued for five months. There 
Avas no history of coronary thrombosis. 

Case 25. A merchant, aged fifty-seven years, had had anginal attacks for ten 
months. He was having tAvo to three anginal attacks daily, after slight effort. 
Loentgenological examination did not disclose any abnormality. An electrocardio- 
gram showed negative T-Avaves in Leads I and II and lengthened Q-waves in Lead 
I. The value for the systolic blood pressure was 106 mm. of mercury and that for 
tlie diastolic pressure Avas 80 mm. He continued the treatment for seven months, 
but there Avas no improvement in his condition. There was no history of coronary 
thrombosis. 

Case 26. A retired mail carrier, aged sixty-one years, had had dyspnea after 
effort, for one year, and anginal attacks for one week. He had had one or two 
painful seizures daily, after slight effort. A roentgenogram showed that the heart 
Avas slightly enlarged. An. electrocardiogram was normal. The value for the systolic 
blood pressure Avas 140 mm. of mercury and that for the diastolic pressure was 
100 mm. Continued treatment for three months did not produce any improvement. 
There AA’as no history of coronary thrombosis. 

Case 21. A "W.P.A. AA'orker, aged fifty-six years, had had anginal attacks for 
Aao AAeeks. He had Imd several attacks daily after slight effort. A roentgenogram 
^oAved that the heart Avas moderately enlarged. An electrocardiogram revealed 

-waA-e negatiAuty in Lead I and a left ventricular preponderance. The value for the 
sjstolie blood pressure was 166 mm. of mereurj' and that for the diastolic pressure 
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was 100 mm. Continued treatment for four and a half months did not produce 
any improvement. There was no liistory of coronary thrombosis. 

Case 28. A Jewish painter, aged sixty-three years, had had anginal attacks for 
fifteen months, Walking slowly for only two blocks had precipitated the painful 
seizures. A roentgenogram showed that the heart was moderately enlarged. An 
electrocardiogram revealed a lengthened Q-wavc in Lead I and a left ventricular 
preponderance. The value for the systolic blood pressure was 3.11 mm. of mercury 
and that for the diastolic pressure was 100 mm. Ho continued treatment two and 
a half months, without improvement. There was no history of coronary thrombosis. 

Case 29. A Jewish tailor, aged forty-eight years, had had anginal attacks for 
nine months. The attacks had occurred d.aily and had been induced by walking 
only one block. Eoentgcnological examination disclosed no abnormality. An electro- 
cardiogram showed low voltage T-waves in Leads 1 and II Jtnd iso-electric T-T.’aves 
in Lead 111. The value for the systolic blood pressure was 1-10 mm. of mercury and 
that for the diastolic pressure was 80 mm. The patient did not obtain any relief 
from treatment. There was no history of coronary thrombosis. 

Case 30. A man, aged fifty-six years, who w.as a clerk, first had anginal attacks 
eight years before he came to the clinic. At the time that treatment was under- 
taken he had daily attacks when he walked three to four blocks, Roentgenological 
examination disclosed no abnormalitj’. An electrocardiogram was normal. The 
value for the systolic blood pressure w.as 130 mm. of mcrcurv' and that for the 
diastolic pressure was 02 mm. No improvement occurred after six months of treat- 
ment. There was no history of coronary thrombosis. 

Case 31. A physician, aged forty -nine year.s, had had anginal attacks for five 
years. The attacks had occurred daily and frequently had been induced by walking 
three to four blocks. Roentgenological ex.'imination disclosed no abnormality. An 
clectroeardiogram was normal. The value for the systolic blood pressure was 190 
mm. of mercury and that for the diastolic pressure was 130 mm. After three 
months of treatment the patient did not note any imjirovement in his condition. 
There was no historj’ of coronarj' thrombosis. 

Case 32. A housewife, aged sixty years, had had anginal attacks for two years. 
The attacks had occurred daily, after she had walked only one block. Roentgeno- 
logical examination disclosed no abnormality. An electrocardiogram was normal. 
The value for the systolic blood pressure was 142 mm. of mercury and that for the 
diastolic pressure was 82 mm. No improvement was noted after three and a half 
months of treatment. There was no history of coronary thrombosis. 

Case 33. A clergyman, aged sixty-seven year.s, had had anginal attacks for 
twenty-two months. The attacks had occurred daily after he had walked only 
three or four blocks. Roentgenological examination did not disclose any abnormality. 
An electrocardiogram was normal. The value for the systolic blood pressure was 
114 mm. of mercury and that for the diastolic pressure was 80 mm. There was no 
improvement after one month of treatment. There was no history of coronary 
thrombosis. 

Case 34. A railwaj’ clerk, aged thirty-one years, had had anginal attacks three 
months. Six weeks before he came to the clinic he was said to have had a coronary 
thrombosis and had continued to have daily attacks of pain after he had walked 
only two or three blocks. An electrocardiogram was normal, which throws con- 
siderable doubt on the diagnosis of coronary thrombosis. Roentgenologicjil exam- 
ination did not disclose any abnormality. The value for the systolic blood pressure 
was 160 mm, of mercury and that for the diastoUc pressure was 120 mm. The 
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patient continued treatment two and one-half months but did not obtain any 
improvement. This patient’s attitude was rather skeptical as he was acquainted 
with the commercial use of the drug. 

Case 35. A farmer, aged fifty-one years, had had anginal attacks for three 
years. Daily attacks had occurred after he had walked two blocks. Eoentgeno- 
logical examination did not disclose any abnormality. An electrocardiogram was 
normal. The value for the systolic blood pressure was 150 mm. of mercury and 
that for the diastolic pressure was 90 mm. There wms no improvement after three 
and one-half months of treatment. There was no history of coronary thrombosis. 

Case 36. ' A station agent, aged fifty years, had had anginal attacks for eight 
years. The attacks had occurred frequently and had been induced by walking 
three blocks. The attacks had started eight years before he came to the clinic, 
and they had followed coronary thrombosis. Eoentgenological examination dis- 
closed no abnormality. An electrocardiogram showed low amplitude QES complexes 
in all leads. The value for the systolic blood pressure was 132 to 170 mm. of 
mercury and that for the diastolic pressure wns 90 mm. No improvement was 
noted after three and a half months of treatment. 

Cases in which death occu'ired (four cases, 10 per cent), — Case 37. A Jewish 
housewife, aged sixty-three years, had had anginal attacks for fifteen years. The 
attacks had occurred from two to five times daily after very Ettle exertion. The 
patient had been forced to live a very restricted life. A roentgenogram showed 
that the heart was moderately enlarged. An electrocardiogram revealed the pres- 
ence of complete left bundle-branch block (0.16 second) and diphasic T-waves in 
Lead I. The patient was definitely improved after four and a half months of 
treatment, but she died very suddenly at that time at her home. Necropsy was 
not performed. 

Case 38. A lumber merchant, aged sixty-five years, had had anginal attacks for 
three years. Daily attacks had occurred after he had walked only two blocks. 
Eoentgenological examination did not disclose any abnormality. An electrocardio- 
gram revealed diphasic T-waves in Lead II and negative T-waves in Lead III. 
The value for the systolic blood pressure was 120 mm. of mercury and that for 
the diastolic pressure was SO mm. The patient continued treatment for nine 
months without benefit, and then died suddenly at his home. Necropsy was not 
performed. 

Case 39. A salesman, aged forty-five years, had had anginal attacks for two 
years. The attacks had occurred daily and after he had walked slowly for a very 
short distance. Eoentgenological examination disclosed no abnormality. An elec- 
trocardiogram revealed T-wave negativity in all leads. The value for the systolic 
blood pressure was 134 mm. of mercury and that for the diastolic pressure was 76 
mm. He continued treatment four months, without improvement, and death sud- 
denly occurred at his home. Necropsy was not performed. 

Case 40, A station agent, aged sixty-three years, had had anginal attacks for 
two years. They had occurred several times daily, after slight exertion. A roent- 
genogram showed, that the heart was sEghtly enlarged. An electrocardiogram re- 
vealed incomplete bundle-branch block, diphasic T-waves in Lead I, and low ampli- 
tude complexes in aE leads. The value for the systolic blood pressure was 106 mm. 
of mercury and that for the diastolic pressure was 72 mm. The patient had less 
pain after one month of treatment but congestive heart failure developed and the 
patient died in his sleep -two and a half months after he started the treatment. 
Necropsy was not performed. 
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SUMMAKY 

The results of iuhalatioJis of Iricliloretliylene in this series of cases of 
the anginal syndrome of coronaiy sclerosis do not peiTnil this method of 
treatment to he accepted with enthusiasm. Jn eighteen cases (45 per 
cent) varying degrees of improvement occui’red. However, when these 
cases are critically analyzed it is found that only one patient obtained 
complete relief while the others had fewer attacks of less severity. 

In five eases (12.5 per cent), temporary improvement was noted but 
a return of the previous symptoms occurred while the treatment was 
still in progress. It is possible that thc.se patients became imbued with 
a new hope in undertaking this treatment and that their priinarj^ re- 
sponse was influenced by this attitude. IVe, however, were very careful 
not to create any false hoi)es among the patients treated. They were 
frankly advised that the procedure was entirely experimental. 

In thirteen eases (32.5 per cent) no improvement whatsoever was 
noted. The patients in these cases received treatment from one to seven 
months. 

Four patients (10 i)er cent) died during the course of treatment. All 
deaths occurred suddenly. Two of the patient who died were tempo- 
rarily improved. 

"We have already mentioned the difficulties encountered in the evalua- 
tion of the results of theraiy in the anginal syndrome of coronary 
sclerosis. This evaluation is based largely on the interpretation of valua- 
tions in .subjective phenomena. 'SYe cannot overlook the natural historj- 
of the di.sease or the fact that similar data have been furnished by many 
individual observers who have u.sed other drugs in the treatment of this 
disease. 

While the results obtained with this method of treatment have been 
disappointing, it is however a procedure that warrants a trial when 
the u.sual therapeutic agents have failed to give relief. In our expe- 
rience, and according to the method described, the drag is well tol- 
erated and its admini.stiation a^jpeai’s to be perfectly .safe, 
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HEMODYNAMIC STUDIES IN EXPERIi\IBNTAL CORONAEY 

OCCLUSION«= 

lY. Stellate Gf^ANOLiONECTOiiY Experiments 

Gerhard Schauer, M.D., Louis Gross,! JM.D., and Lester. BLUii, M.D. 

New York, N. Y. 

B ased oh certain clinical, anatomical, and experimental considera- 
tions recorded in tlie literature, Cox and Robertson^ recently re- 
ported an experimental studj* of tlie effect of stellate ganglionectomy 
on various liemodynamie functions in dogs. Twenty carefully trained 
dogs were tested for resting and exercise heart rate, respiratory rate, 
and blood pressure, and ten of these for cardiac output. All dogs were 
subjected to ligation of the left anterior descending coronarj* branch. 
Prior to coronary ligation, one-half of the dogs were subjected to bi- 
lateral steUate ganglionectomy including the removal of several of the 
upper dorsal ganglia. The surviviug dogs were sacrificed several months 
after the beginning of the experiment, at which time comparisons were 
made of the size of the infarcts. It was found that occlusion of the 
left anterior descending coronary branch produced no appreciable dif- 
ferences between the dogs with stellate ganglia intact and those in 
which they were removed, as regards pulse rate, respiration, or blood 
pressure. However, the re.sting cardiac output became persistently 
elevated in the dogs with intact ganglia, Avhereas this function was not 
altered in the ganglionectomized dogs. Death due to ventricular fibril- 
lation immediately after the vascular ligation Avas less frequent, and 
the size of the infarcts was generally smaller in the ganglionectomized 
dogs. 

In several recent publications on hemodynamics following acute occlu- 
sion of the left anterior descending coronaiy branch, Gross, Mendlowitz, 
and Schauer^'^ have shoAvn that this produces an immediate fall in 
cardiac output and a delay in cyanide circulation time. Studj* of con- 
trol groups in order to determine the effects of anesthesia alone or 
anesthesia followed by thoracotomy without vascular occlusion, dis- 
closed the fact that the above mentioned hemod;^niamic changes were 
greater than could be accounted for by these control procedures, and 
Avere consequently due to the A-ascular occlusion. The iiulse rate, A-enous 
blood pressure, hemoglobin, eiythroeyte count, blood volume, and serum 
proteins shoAved no appreciable immediate elianges folloAving the Avas- 
cular occlusion. Experiments on Augosympathectomized dogs indicated 

•From the Laboratories of The Mount Sinai Hospital. 
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that the immediate fall in cardiac output was cardiogenic and, there- 
fore, was not influenced by the nervous pathways. All the altered 
functions in these dogs approached or reached normal values hy the end 
of a week after the vascular occlusion. It seemed of interest, therefore, 
to determine whether stellate ganglioneetomy in dogs produces change 
in the hemodynamic functions (cardiac output, circulating blood volume, 
arterial blood pressure, and cyanide circulation time) during the first 
week following coronary occlusion. 

2>IETHODS 

Thirty -SIX dogs ‘vrere used for the experiments. In twelve of these the stellate and 
thoracic (1 to 6) ganglia were removed on both sides in stages (generally within 
one month). In 24 dogs the ganglia were left intact. These, therefore, served as 
controls. After recovery from the ganglioneetomy, acute occlasion of the left anterior 
descending coronary branch close to its origin was performed in all dogs by dissec- 
tion and ligature. 

HemodjTiamic studies were carried out according to the methods employed by 
Gross, Mendlowitz, and Schauer.3 These tests were performed under nembutal 
anesthesia immediately before ligation of the vessel, one-half hour after ligation, 
twenty-four hours later and one week later. Ten of the control dogs were from a 
series previously Teported.3 The remaining control dogs were studied simultaneously 
with ganglionectomized ones. 

One week after the ligation of the left anterior descending coronary branch, the 
surviving dogs were sacrificed. The left anterior descending branch was probed 
to ascertain the occlusion, and the size of the infarct was determined by measuring 
the longitudinal and transver.se diameter of the surface of the infarcted area. In 
order to determine how deep the infarction extended into the myocardium, the 
coronary^ vessels were injected under standard conditions with a barium sulfate sus- 
pension in gelatine according to the method described by Gross.® Eoentgenograms 
were then made of the whole heart and of serial transverse slices 6 mnu thick.’^* s 

RESULTS 

Of the 12 ganglioneelomized dogs, two (16 per cent) died tvithin 
twenty-four hours after the operation. Six (50 per cent) survived 
twenty-four hours hut died within one week. Four (33 per cent) 
survived one week and were then .sacrificed. The causes of death in 
the two animals which died within twentj'-four hours were heart 
tamponade due to hemorrhage into the pericardium, and acute cardiac 
failure, respectively. The causes of death in the remaining animals 
dying within one week were secondarj’^ shock, cardiac failure, and 
pneumonia. Eliminating from this series those dogs which died from 
pneumonia or hemorrhage leaves a one-week survival rate of 56 per cent. 

Of the 24 control dogs, seven (29 per cent) died of ventricular fibril- 
lation during or immediately after the left anterior descending coronary 
branch ligation; and 9 additional dogs (37 per cent) died within twenty- 
four houis after ligation. Five of these dogs had pneumonic patches, 
one prohahly died of the eficeet of cyanide and the rest of cardiac failure. 
Seven (29 per cent) survived one week and were then sacrificed. Blim- 
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mating from this series those dogs which died from pneumonia leaves 
a one-week survival rate of 39 per cent. 

The immediate fall in average cardiac output after coronary ligation 
was of about the same magnitude in both the gangHonectomized (Tables 
I and n) and control dogs’^ (approximately 50 per cent of preligation 
level). After twenty-foui* hours the average cardiac output approxi- 
mated preligation values in the control group whereas there was only 
a small rise in the ganglionectomized dogs (Fig. 1). After one week, 
the ganglionectomized dogs exliibited a further rise in cardiac output 

Per Cent 



Fig. 1 . — Average per cent of change.? in cardiac output per square meter of sur- 
lace area after occlusion of the left anterior descending coronary branch. 

I. Ganglionectomized dogs ; II. Dogs with ganglia intact. This curve represents 
average values from a group previously reported® plus experiments pei’formed 
simultaneously with the ganglionectomized dogs. 

to 72 per cent of the preligation values, and the control dogs showed 
relatively little change. 

In both groups of animals (Table II), coronary ligation was followed 
by an immediate moderate fall in arterial blood pressure which reached 
62 per cent of the preligation level at the end of twenty-four hours. 
One week after the coronary ligation there was an appreciable rise in the 
ganglionectomized gi’oup, but the blood pressure in the control group 


•For detailed data on hemodynamic changes in control dogs, see reference 3. 
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remained at approximately the same level as that at the end of the 
twenty-four-hour i>ostligation period. 

Following coronary occlusion (Table II) the cyanide circulation time 
was immediately increased in both groups. The delay was somewhat 
greater in the ganglionectornized animals. The changes persisted for 
at least twenty-four hours and reached almost nonmal values at the 
end of one week. 

• The circulating blood volume (Table 11) showed an insignificant 
drop in both groups, with rapid restoration to preligation levels. The 
hemoglobin determination presented no significant deviations from the 
preligation levels in either group. The temperature showed a slight 
drop in both gi'oups after ligation. The pulse became irregular im- 
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100 
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129 
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100 
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•Average per cent changes per pquare nieicr of .wurfaee area. 
tAverage per cent changes. 


mediately after the ligation in most of the controls but in none of the 
ganglionectomized animals. Some of the latter showed an irregular 
pulse only after twenty -foiu’ hours. 

In judging the extent of infarction, it should he borne in mind that 
it is unsafe to draw conclusions from the surface measurements alone. 
Injection of infareted hearts with baiaum sulfate gelatine under stand- 
ard conditions with subsequent i-adiography and study of serial cross- 
sections discloses that infarcts wliich show a small surface area may at 
times present extensive involvement of the interventricular septum. 
Furthermore, in appraising tlie comparative extent of the infarction, 
differences in the iveight of the dogs must also he considered. Based 
on these criteria there did not appear to be an appreciable difference 
in the size of the infarcts between the ganglionectomized dogs and those 
with intact ganglia. 
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DISCUSSION 

Our observations as to tbe immediate onset of ventricular fibrillation, 
as well as tbe mortality rate within tbe first twentj'-fonr bonrs after 
coronary branch ligation, confirm the findings of Cox and Eobertson 
in that these appear to be significantly lower in tbe ganglionectomized 
animals. , Furthermore, survival one week after vascular ligation ap- 
peared to be higher in the ganglionectomized dogs. Unfortunately, the 
total number of animals studied was too small to warrant definite con- 
clusions as to ultimate survival rate. 

"With the reservations mentioned above, there did not appear to be 
an appreciable difference between the two groups as regards the size 
of the infarct. It is noteworthy in this connection that Cox and Eobert- 
son studied the size of the infarcts several months after coronary oc- 
clusion. Because of the considerable variability in the rate of cicatriza- 
tion of infarcts we feel that their results in this connection cannot be 
accepted without reserve, especially since no injection studies were made. 

The only significant hemodynamic changes which followed coronary 
occlusion were decrease in cardiac output, delay in cyanide circulation 
time, and faff in mean arterial blood pressure. The immediate changes 
were of about the same degree in both groups of animals. Within a week 
following the vascular occlusion the cyanide eneulation time had almost 
reached preligation levels in both groups of animals. The controls showed 
a considerable return to normal in cardiac output within twenty-four 
hours after coronary ligation, whereas the ganglionectomized group 
showed a somewhat slower return to normal values. On the other hand, 
the ganglionectomized group showed a somewhat better restoration of 
mean arterial blood pressure at the end of one week. Although the num- 
ber of annuals which survived one week was small, it would appear that, 
with the possible exception of the mean arterial blood pressure, within 
one week after vascular ligation these hemodynamic functions were not 
significantly different in both groups of animals. 

SUilMARY 

Studies on mortaEty rate, cardiac output, pulse rate, arterial blood 
pressure, cyanide circulation time, and blood volume as well as measure- 
ment of the size of the infarcts following occlusion of the left anterior 
descending coronary branch were carried out in dogs with stellate 
ganglia intact and in stellate ganglionectomized dogs. These studies 
were done immediately before vascular ligation, immediately after liga- 
tion, twenty-four hours, and one week after ligation. Following occlu- 
sion of the left anterior descending coronary branch there occurred 
in both groups of animals a fall in cardiac output, delay in cyanide 
circulation time, and faff in blood pressure. It is shovm that these 
hemodynamic changes tend to return to normal values after one weelf. 
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The other hemodynaniic functions studied showed no appreciable 
changes. The incidence of ventricular fibrillation and the immediate 
mortality rate was lower in the ganglioncctomi/cd dogs. The size of 
the infarct.s was not appreciably different from the controls. 
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ELECTROCARDIOGRAPHIC CHANGES IN THE DOG FOLLOW- 
ING SUDDEN OCCLUSION OF THE LEFT ANTERIOR 
DESCENDING CORONARY BRANCH Lm)ER VARIOUS 
EXPBRB'IENTAL CONDITIONS^' 

Louis Gross, t M.D., axd Bension C^vlep, M.D4 
New York, N. Y. 

M any reports have appeared on the electrocardiographic changes 
follovdng ligation of the anterior descending branch of the left 
coronary artery in dogs. The authors, however, are not agreed on the 
characteristic findings. Following left anterior descending coronary 
branch ligation on 11 dogs, SmitlP found that the T-waves were first 
exaggerated, became negative in twenty-four Iioiirs, gradually came back 
to normal and then remained isoelectric or negative. Otto^ studied only 
Lead II following tliis procedure. He described an abnormally de- 
pressed R-T segment and a high peak of the T-waves. Feil, Katz, 
Moore, and Scott^ found no changes in the R-T segment of the electro- 
cardiogram following ligation of the left anterior descending coronary 
branch unless the blood supply to the heart was impaired by occluding 
the inferior vena cava for five minutes. Barnes and Mann^ observed 
that occlusion of branches of the left coronaiy artery produced an 
elevation of R-T^, depression of S-Tg, and marked negativity of Tj. 
Kountz and Hammouda'^ produced occlusion of the anterior descending 
branch of the left coronary artery in heart-lung preparations in dogs. 
Their most frequent findings were elevation of the R-T segment in all 
three leads, and an occasional depression of R-T^^ and S-Tg. The T- 
waves were usually inverted in all three leads but occasionally inverted 
in Lead I and upright in Lead III. Harris, Sutherland, Ramsey, and 
Gaiser® found no constant changes following left anterior descending 
branch occlusion in 17 dogs. R-T^ elevations were noted only four times. 
In an admirably painstaking and thorough study of serial electrocardio- 
grams in 51 dogs taken before and after ligation of the left anterior 
descending branch, Harris and Hussey'^ concluded that this procedure 
is followed by regular changes, namely, early R-T deviation of the Tj 
. type (78 per cent of cases), increased amplitude of the T-waves and 
sharp negativity of the T-waves, jiarticularly in Lead I. Disturbances in 
rhythm followed a definite pattern progressing through the following 
stages: (1) ectopic beats singly or from multiple foci; (2) paroX 3 ’'sms 

From the Laboratories of The Mount Sinai Hospital. 

‘Aided by grants from the Lucius N. Littauer and "Walter "W, Naumbvtrg Funds, 
tDcceased. 

tAided by a grant from Dr. B. S. Oppenheimer. 
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of cclopic vontrionUir laohyoarclia; (3) vcntrieulnr duller; (4) voie 
triciilar ftbrillntioii. In some wliioh survived ihese ehanges, this 
.scfinencc was reversed. Ifarri.s and ITussey noted ftirlhcr the extreme 
variability of the normal T-waves* in dof 4 s, Hometime.s finditiy; nei?ative 
T-waves even in all throe leads in the eontrol traeinys. This eonfirms 
the olrscrvat ions of Kalx and Ids associates" who believed these ehan'/es 
were due to the mobility of llie beart in tlic doo s ehest. 

Tn a scrie.s of experimental .studios on partial and oomidetc <'oronary 
sinus obturation followed by sndden oeolnsion of the h'ft anterior 
descendinfj coronary branch carried out by (fross ntid oollaborators/''- 
an opportunity was afforded to defermino tin- ch'<-! roeardioy'rapdiie 
ohati"Cs dne to a variety of experinmutal prof'odure.s. Those foliowistn 
coronary sinu.s obturation have already been refioi-ted olsewbere.*'' 
The present report dcahs with the eleolrocardiooni[>hie rindinfirs in the 
following group.s of animals; 

A. Thirty-four dnis in whicli only left anterior deseejidini: coronnry 
branch ocelu.sinn was performed*. 

1. By dissection and lipation of the left anferitu* descending 
eoronary braneh in the open chest (10 doy:s), 

2. By litiatinn without dissection of the left anterior de-s'-(ri!dintr 
coronary branch in the open cimst (15 docs). 

3. By the double earrick-bend knot method'* in the chis<'d ehc-st 
(0 dogs). 

B. Thirty-five dog.s in whicli left anterior de.scending coronary branch 
occlusion was performed in the open rhes-l l.)y Herat inn. after re- 
coverv' from an initial preparatory operation consistini: rd ; 

1. Complete obturation of the coronary sinus (7 docs). 

2. Partial obtimition of the coronary sinus (21 dogs). 

3. ^Manipulation of the coronary sinus ostium (7 dogs). 

C. Twcutv'-four control dogs in which the left anterior descending 
coronary branch was either: 

1. Dissected without subsequent occlusion (7 dogs), or 

2. Dis.sectccl and loosely surrounded liy a double carriek-beiid knot 
(17 dogs). 

All operative procedures, including vascular occlusion by the double 
carriek-beud knot method, were carried out under intravenous nembutal 
atie.sthesia. The dissection or ligation of the left anterior descending 
coronary branch ivas perfonued approximately 2 cm. below the ostium 
of the left eoronarv" artery. The observations made during the course 
of these experiments will be discussed under two headings, viz. ; 

I. Summary of the elcetrocardiographic changes following left ante- 
rior descending branch oeelu.sion under the, conditions listed in Groups 
A and B; and the findings in Group C, in which the eoronary branch 
w'a.s manipulated hut no occlusion wa.s produced, 

II. Differences noted in the several groups and subgroups. 
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I. SUMMARY OF ELECTROCARDIOGRAPHIC CHANGES FOLLOWING SUDDEN 
COIMPLETE OCCLUSION OP THE LEFT ANTERIOR DESCENDING CORONARY 
BRANCH UNDER THE CONDITIONS LISTED IN GROUPS A, B, AND C 

Sudden complete occlusion of this vessel was obtained in 69 dogs. 
Bleetroeardiograins were taken pre-operatively, during anesthesia with 
the pericardium opened, after manipulation or dissection of the left 
anterior descending branch, immediately after occluding the vessel, and 
at various intervals (one to three days) after the operation until the 
dog died or was sacrificed. Because of the low voltage in Lead I in 
dogs, it was found advantageous to take records of this lead by using a 
standardization twice that of the conventional one (1 millivolt equals 
2 cm.), as well as the conventional Lead I. 

R-T Changes 

The electrocardiographic findings most characteristic in dogs after 
bgation of the left anterior descending branch, appeared in the R-T and 
S-T segments (Table I). In most cases the changes consisted of R-T^ 

Table I 


Per Cent op Dogs Shovt^'g E-T, Elevation and S-T,, and S-T. Depression 
Follovnng the Various Procedures 'Listed 
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1. Dissection and ligation (10 dogs) 

70 

40 

60 

so 

2. Ligation (15 dogs) 

40 

53 

53 

SO 

3. Double carrick-bend ( 9 dogs) 

knot ligatioD 

S8 

r>0 ■ 

OO 

54 

88 

Total unprepared dogs (34 dogs) 

65 

44 

53 

82 

W 

Prepared 

dogst 

1. Complete coronary sinus ( 7 dogs) 

occlusion 

86 

! 

57 

57 

86 

2. Partial coronary sinus (21 dogs) 

occlusion 

SI 

61 

71. 

95 

3. Manipulation of coronary ( 7 dogs) 
sinus ostium •without 
occlusion 

71 

44 

44 

85 

Total prepared dogs (35 dogs) 


57 

62 

91 

A. +B. TOTAL PREPARED i\ND (G9 dogs) 

unprepared DOGS 

72 

50 

58 

90 

control series 
(No loffc an-, 
torior descend- 
ing branch 
occlusion) 

c. , 

1. Dissection only ( 7 dogs) 

0 

14 

14 

14 

2. Loose double-carrick- (17 dogs) 

bend Icnot 

0 

11 

11 

11 

Total controls (24 dogs) 

0 

12 

12 

12 


*No preliininarj* coronary sinus occlusion. 

tLigation of the left antei’ior descendinsr coronary branch ■was performed in tliese 
anima^ after recovery from the procedures listed. 
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elcvalioiis or S-T? aixl S-T.. dcprcKsions. One or both of ihcsf; ebangcs 
oeenrrcd in 90 per cent of the ligaled dogs, usually %vilhin fifteen iniri- 
ute.s after the ofclusion, ami tended to disappear '.vifhin or shortly 
after lAventy-four hours. The ll-T, segment wiis (>levated in 72 ]a.*r cent 
of dogs with {Kiclusion, whereas this never ocetjrret] jn fin* ertntrol dogs. 
.S-T„ depression was found iji bS per es-nt of the ligated nniinals and 
in only 12 per cent of the ettutro! dogs. As a rule, when the deviations 
were present in the eontrol groups, llnw wane, itot as marked as in 
those with ligation. 

Jihijt}nn (UfuntjCR 

On rare oeoa.sions, single anti iiifreom-nt ventricular }>remature beats 
followed the administration of anesthesia. After left atderior deseetid- 
ing braneh oeelusions, these ])rcniattire eontraetions heeanu* very irmeh 
more fretiuent. They ai>parently origitmt(;d from the V-ft nr right ven- 
Irielcs and from one or jnore foci in eaeh verdriele. They oeenrred 
either singly or in short or long liaroKv.sms, and merged imperceptibly 
with what was interjueted as ventrienlar extrnsystoiic tacliyeardia, or 
ventricular smarehy. In the latter instances, I’-wavf?; were u.snaliy 
observed and were of regular rbyllun. Tliis lyjje of ventrienlar rhythm 
was noted only onee in eontrol dogs and ten times in dogs f<inowitig 
coronary ocelusion. There is no doubt lait that abnonnalities in rhythm 
oeeiir very much more frejiuontly than mhed by us elect rocardiogniph- 
ieally. We have observed them before eleetroeanlifigrams eould be 
taken, the hearts resuming normal rhylhm or, on the other hand, 
changing to venirioular filjrillation. The eliang(-s were very rajud 
and sometimes transient. In one instance, immediately after ocelndtng 
the left anterior descending branch from outside the eiust (douhle- 
earrick-hend knot). Lead I showed typical R-T, elevation with regular 
.sinus rhythm, while Lead IT showed ventrieular fibrillation. It is es- 
timated that these changes occurred in less than five seconds. Xo in- 
stance of auricular premature e<intractinii <»r aiirieular fihriIlatio?i wxi.s 
observed. 

Oihrr ClKinfirs 

The QRS voltage did not vary uniformly in either the control or 
lig,ated dogs. Opening the chest and in.slitnting artificial I’cspiration 
I)roducc‘d QRS voltage variations .synehrrmons with the resitiratory 
idiases. Alternation of the QRB eomplex was noted only onee in the 
control series. This dog was apparently in surgical shock. Slurring 
and notching occurred as frequently in eontrol dogs as in the ligated 
one.s. "When the rhytlun wxi.s regular, the dunition of tlie QRS deflec- 
tion varied within normxil limits and inversely with the heart rate. 

Becau.se of the normal variation of T-waves in dogs occurring from 
day to day, only those records taken before and immediately after a 
given procedure were compared. The normally lov; or iso-elcctric Tj 
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tended to become inverted though still low in amplitude after left 
anterior descending branch ligation. To and Tg, on the other hand, 
tended to become more positive, i.e,, the upright T-wave became greater in 
amplitude and the inverted T-wave became smaUer in amplitude after such 
ligation. One cannot say with certainty whether these changes are 
characteristic of left anterior descending branch occlu.sion in dogs. 
They occurred in 21 per cent of the control animals and in 67 per cent 
of the animals in which the coronary branch had been occluded. Very 
similar changes were reported by Gross, Silverman, and IMaster^" follow- 
ing coronary sinus occlusion in dogs. Right ventricular preponderance 
was observed in five ligated dogs but in none of the controls. 

n. DIFFERENCES IN THE ELECTROCARDIOGRAPHIC FINDINGS DUE TO THE 
VARIOUS PROCEDURES LISTED ABOVE 

In order to observe whether occlusion of the left anterior descending 
branch within a closed chest wall was followed by changes which dif- 
fered from such occlusion performed in the usual manner (open chest), 
the double carrick-bend procedure was employed. This was performed 
by placing two loose ligatures around the coronary artery and leading 
the ends through the pericardium and chest wall.” The ligatures were 
so arranged that tension applied to them after the chest wall was com- 
pletely closed and healed produced an immediate and complete occlusion 
of the coronary branch. This occlusion was performed in the anes- 
thetized animal about one week after recovery from the initial operation. 
The somewhat greater frequency of R-T^ elevations following this proce- 
dure than those following ligation or ligation plus dissection in the 
open chest (Table I), may be due to improved technique. 

R-Ti elevations appear to be somewhat more frequent in the groups 
in which previous coronary sinus obturation preceded coronary artery 
occlusion (Table I). These changes may possibly be attributable to 
congestion of the heart producing axis deviation, or to added damage 
to the myocardium due to congestion, or to both. 

Table II lists the combinations of R-T^ S-Ta and S-Tg deviations fol- 
lowing various procedures. The groups are too small to warrant definite 
conclusions but are listed as a matter of record. 

SUMMARY AND CONCLUSIONS 

The reported groups of experiments confirm the findings of Harris 
and Hussey.'^ 

Sudden complete occlusion of the anterior descending branch of the 
left coronary artery in the dog is followed charaeteristicaU,y bj' an 
upward deviation of the R-T segment of the electrocardiogram in Lead 
I, and a downward deviation from the, iso-electric level in Leads II 
and III. Either or both of these changes were noted in 90 per cent 
of ligated dogs as compared with 12 per cent in the control dogs. 
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♦No pvoliniinary coronary sinus occlusion. 
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These changes are comparable to electrocardiographic findings in the 
human being following anterior infarctions. Unlike the latter, how- 
ever, the E-T segment tended to return to normal very early. Tliis may 
be due to the fact that the dogs had no coronary sclerosis or myocardial 
fibrosis and were therefore capable of compensating more rapidly for 
the sudden change in the myocardial physiological functions. 

The characteristic cove-plane inversion of the T-waves in humans 
was noted in normal dog electrocardiograms. However, comparing 
records before and after left anterior descending coronary branch occlu- 
sion showed a tendency for T^ to become more inverted and for To and T3 
to become more upright, 

Ehythm abnormalities ranging from single ectopic beats to ventricular 
fibrillation were noted with great frequency following sudden complete 
coronary occlusion. 

Ill an attempt to increase the blood supply to the heart and thus 
diminish the incidence or size of infarction, partial and complete 
coronary sinus obturation was performed in a number of the dogs prior 
to the coronary branch occlusion. In the comparatively few animals in 
which electrocardiographic studies were made tliere was found a slightly 
greater incidence of changes considered characteristic of coronary occlu- 
sion, but there was no definite correlation between the size of infarct 
and the degree of electrocardiographic changes. 

Other dilferenees in the electrocardiographic findings due to various 
procedures are discussed and listed. 
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INFARCTION OF THE HEART 

A i^IoRPnoLOGicArj and Clixical AppKAiSArj or Tuhee Huxdked Cah&s* 

Part I. Predisposixo axd Precipitating Conditions 

WiujTam Bennett Bican, JI.D. 

Boston, -Mass. 

T he basis of this s(ufl.Y consists of ^100 aiitopsicd cases selected 
from 9,62G consecutive protocols in tbc department of pathology 
of this hospital for the years 1906 through 1936.t Selection was 
determined by the finding of (1) typical moi’phological infarction 
inth or ■without complete obslnietion of the nutrient arteiw; (2) ’\vell- 
defined. gross scar 2.5 cm. or more in diameter, with or without com- 
plete occlusion of the arteiy-, (3) embolic or other apparently sudden 
occlusion without gro.ss damage, but with early microscopic change. 
No eases are included in Avhich deatli came at once ; all survived at 
least one hour. At least 11 ca.ses of complete occlusion (2 sjTihilitic, 
1 embolic and 8 arteriosclerotic) were discarded because evidence of 
resultant damage was equivocal. Cases incompletely or vaguely de- 
scribed as myelomalacia cordia, fatty degeneration, myocarditis or 
senile degeneration were omitted. 

After the cases were selected the clinical records were examined. 
A few clinical reeoi’ds were incomplete so that data on some of the 
factors analyzed were lacking. In the text and tables the percentages 
are given on the basis of the number of ca.ses in which the factors in 
question were aseei-tained, rather than on the whole group. 

During the thirty-one-year period covered by the study there were 
697,099 admi.ssions to the ho.spital, 58,081 deaths and 9,626 autopsie.s, 
including the 300 eases presented. Since post-mortem examinations 
in this country average 1 or 2 per cent of all deaths, in contrast to 17 
per cent for the group here, the possible statistical error is consider- 
able in such a .study as this. The percentage of autopsies obtained is 
largely influenced by interest of the pennission seeker, which in re- 
cent years has been great in cases of suspected coronary thi’ombosis. 
ilany other factors also preclude accuracy in drawing statistical con- 
clusions. 

arteriosclerosis and myocardial infarction 

The overwhelming majority of all ca.ses of myocardial infarction are 
due to coronaiy arteriosclerotic changes, which may or may not result 

‘From the Thorndike Memorial Laboratorj-, Second and Fourth Medical Sendees 
(Han-ard), Boston City Ho.spital, and the Department of Medicine, Han-ard Medi- 
cal School. 

tThese have been compiled under the direction of Dr, Frank E. Mallory and 
Dr. Frederic Parker, Jr., and include gross and miero.scopic .studies by the junior 
and senior pathologists. 

GSi 
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in tliTonibosis. Tlie term coronary occlusion lias liecome tantamount to 
cardiac infarction, a synonjuny not altogether justified. Arteriosclero- 
sis, and especially atherosclerosis, is usually, associated with old age, 
though an early yariety has been reported in infants^^ and in young 
adults.^"’ -0 In a combined necropsy and experimental study Leary 
has called attention to two fundamentally different types of arterial 
change evoked by the pathogenesis in old and in young animals or 
human beings.-^' The j’oung react Avith a fibrotic lesion which pre- 
dominates over the lipoid deposits. Later subendothelial necrosis ex- 
tends to the endothelium, and finall 3 ’ narrowing and thrombosis result. 
Tu the older group the lesion is characterized by the accumulation of 
lipoid cells AAuth but minimal fibrous tissue support, finallj’- causing 
thrombosis by ruiiture of the atheromatous abscess. 

The work on experimental!}^ produced arterial disease has been im- 
mense.^® It seems that sclerosis ma}'' be produced bj' injections of 
epinephrine or of bacteria, or b}' high protein diets.^" Atherosclerosis 
can be induced in rabbits b.v high cholesterol feedings. There are 
contributoiy factors of stress, toxicit}’, and inflammatorv localization. 
Leary belicA'es that Avhen h^’percholesteremia. occurs in conjunction 
with (or perhaps as a manifestation of) a. disturbed cholesterol metab- 
olism, atherosclerosis aauU occur. He cites the experience of Joslin 
and EabinoAvich, who have noted a decrease in juA^enile arterial 
lesions since the high fat diet ivas abandoned in treatment of diabetes. 
Frej’^berg and his coAvorkers^"^ think lack of regulation of the diabetic 
state rather than a diet high in fat causes ly^'percholesteremia. Levj’^^® 
has called attention to an unusually high incidence of coronaiy sclero- 
sis in glomerulonephritis and liA^potlyroidism as weU as diabetes 
mellitus. 

In this series generalized arteriosclerosis as manifested b.y the 
necropsj’ eAudence, particularlj' of a diseased aorta, or bj’ the clinical 
findings of thickened, tortuous, or calcified vessels, or arteriosclerotic 
changes in the retinal arteries, Avas present in 261 of 272 in whom data 
were found. In 8 it was extreme, in 18 slight or minimal, and in the 
rest it was moderate. Coronaiy occlusion is usually associated Avith 
coronary sclerosis, but generalized arteriosclerosis is not necessarily 
present. Peripheral sclerosis is often of the medial type,^ AA’^hereas in 
the coronaiy arteries subintimal change is important. The oecur- 
, renee of the various types of arteriosclerosis is found in Table I. The 
preponderance of eases AAuth coronaiy arterial disease in this series 
shows its importance in thrombosis and designates it as the prepotent 
etiological factor. 

ADDITIONAL. EVIDENCE OF ARTERlAD DISEASE 

Cerchral Vascular Disease. — iMam* other conditions haA-e their origin 
ill arterial changes similar to those occmring in the arteries to the heart, 
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giving further evidence of disKeminaled nrlerial diseasw*. There were 
11 in.slimccs of horaiplegin -svliich definitely i)reeedod enrdine infnrelion, 
and an additional 10 in vhieh it Avas probable that cerebral injury de- 
pended on a lociil fault hut. in Avhich crnboluf; could not be ruled out. 

Peripheral ArlcrM Diua.se . — Nine individuals Inul suiTered from 
either classical intermiltetd claudication or disability from pain upon 
walking. Post-niorlcni cxurninationB of tbe leg arlerios were not made 
so it is not ceHnin Avhether aHeriosclcrotic or iidlammatory lesions 
Avore present. Lemann*' Avas one of the first to note infennittent 
elandieation and coronary thrombosis in tbe same indiA'idual.'''’' 
Four casc.s of thi.s .series Avere admitted Avitb artcrioselerotic gangrene, 
and two Avitb diabetic gangrene not. embolic in origin. Two indiA’id* 
uals had had amputations for gangrene prior to admission. There was 
one case of scA’crc frostbite. 


TAoi.r. I 

Tin: 0(.'cuf:r.r,.s7 T; os' A*.\m(>rs Tvri-si n»- Ar.renm.sn.ix.o.siH 


TA-rr. 

1 ixi'mflvrr i 

vrii '(T'Jr" 

Gciiernlizetl nrtorio.'clcrOKin 

'jai of 2T2 I 


Coronnry ftr(crio<c!cro!?ip 

' 2f':> of 27i 


Po.nplicral nrtorio5cloro»is> /'r.-itliotii roronnrj-) 



Coron.iry fir(crio.=ck>ro.'^i.'! (u'itJiout peripheral) 

1 i 


No artcriopcterosis 

i 2 ! 




Aijgina Pcctorif !. — In this .series n reliable bistorA' regarding angina 
Avas found in 125 records. It Iiad been pre.scnt in 29 individuals in 
its typical form, and in 13 there was pain with an atypical distribution 
or radiation before tbe initial infarction. This incidence of only 33.6 
per cent is lower tbnn Levine '.s,"’’' bnt the discrepancy may be partly 
dependent on the class of patients and language dinicnlties cnconn- 
tered in this bo.spital, or on the likelihood that jircAuonsly occurring 
anginal pain, especially if mild, might avcH IuiA’C been forgotten in the 
more urgent agony of acute infarction. 

Arterial Mypertenaion . — The importance of hypertension in angina 
pectoris and cardiac infarction has been appreciated for a long time. 
It can be considered etiological only so far n.s it is related to coronary 
artery disease. 'While Wcarn"*^ found hypertension in only one of 39 
cases, Parldnson and Bedford''® found it in 49 per cent of 300 cases, 
Conner and Holt” report it in 34 per cent of 287 cases, \\niite and 
Bland^” in 25 per cent of 200. LeAune”” found preexisting hypertension 
in 40 per cent of 145 case.s, Avith a disproportionate nnmbcr of foraale.s. 
The finding of high arterial pre.ssnre in t.hi.s series is tabulated in Table 
II. Talcing those Avitb knoAvn previous hypertension and those Avith 
systolic tension over 160 or dia.stolic oA-cr 100, 49.3 per cent of the 270 
had elevated blood pressure. Tbirly-oue per cent were female, 69 per 
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.cent male, tlie same sex ratio as the entire series. All cases with 
arterial hypertension showed coronary disease except one ease of 
syphilitic narrowing and occlusion of the coronary mouth. On the 
other hand, numerous eases had arteriosclerosis without hypertension. 
The percentage of hypertensives and nonhyp ertensives having initial 
infarction in different decades is shown in Fig. 1. Of the women 
with history of hypertension, 41.4 per cent were obese and only 24 
per cent of the men were obese, indicating relatively more women 
than men with obesity in the hypertensive group. 

SEX 

In every reported statistical work there has been a notable prepon- 
derance of males: ‘Wearn,^^ 10 to 9, Parkinson and Bedford,^® 165 to 



Fi&. 1 . — Age at initial infarction; Comparison of age at onset among 100 known 
patients with hjTJertension (broken line) and 122 cases where hypertension was not 
demonstrated (solid line). 


18, Levine, 111 to 34, Conner and Holt,” 244 to 43, White and Bland,^” 
167 to 33, Appelbaum and Nicolson,^ 125 to 25, Wilhelmy and Helwig,^® 
72 to 16, Goldsmith and Willius,^” 272 to 28. In these reports taken 
together the females constituted only 15 per cent of all cases. There 
were 209 males to 91 females in our group (Table HI), or 30.3 per 
cent females. Thus there was twice the proportion of females in this 
series as the average in the others. Hj^iertension was represented 
proportionally in the two sexes. Though most of the patients in this 
report died within the last ten years, it is interesting that the sex ratio 
for the 18 eases in the first ten years was tivo males to one female, 
essentially the same as for the total series. There is no indication 
that the percentage of females djdng with myocardial infarction is 
increasing relative to males, though there are not enough eases in the 
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early jjeriotls In be siynilb'ant. Many c'aii'^n.; for uiale proponfieraiic*’ 
have been allefjed, but none has impressive support. S'o fiir, this 
analysis throws no litrlit on eanse.s of sex difi'ereneo in ineith'iiee. ano 
indieales that probably there has been little rliantre in sex ratio in 
thirty-one years. 
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Af:i: 

The age at onset of tii-sl infaretion c-onld be deterniinetl in 222 of 
the eases pi’c.sented (see Fig. 2 for jiereentage. distributions). The 
average age at onset for the whole gronj) was (51. for males (50.1 and 
for females (51.7 years. The largest ineidenee in a single deeade was 
in the seventh, in wliieh 35 per cent oeenrrcd. Three deeade.s, from 
50 to 79, contained 83.7 per cent of the group. The number of eases 
in the sixth and eightli decades were nearly the same — 5(5 and 52, 



689 


BEAN : INFARCTION OF HEART 

resiiectively. Wlien tlie incidence of onset in decades is compared on 
the basis of sex (Fig', 3), it is seen that in the fifth decade there is a 
slight male preponderance and in the sixth a large one ; while in the 
seventh decade there is a large female preponderance and in the eighth 
a slight one. Both males and females reach their peak in the seventh 



Fig-. 2. — Age at Initial infarction : Percentage of 222 patients having initial attack 

in tlifferent decades. 



Fig. 3. — ^Age at initial infarction: Percentages of 153 males (solid line) and 69 
females (broken line) in different decades. 

decade. Such figures indicate a tendenci’ for the males to have their 
initial occlusion at an earlier age in the group studied. It is possible 
that the delay in females is related to the menopause, since the peak 
in their incidence is two decades after the 40 to 49 decade. It could 
be correlated, however, -with no factor in this analysis. Since the 
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incidence and severity of eoronaiy disease inci’ease in later decades, 
age has an important relation to infarction of the heart. 

RACE AND COU)R 

No record of race is available for hospital admissions over the thirty- 
one-year period, hut several random one-year records .show constancy 
among themselves and also when compared to the whole group. For 
distribution by race see Table IV. As for color, 283 %vere white, 16 
colored, and 1 yellow. The Russians, dehnitely more than their pro- 
portion in the population, were Hebrews with two exceptions. There 
were 16 Hebrews. These figures cannot be interpreted as having undue 
importance, nor race be said to have any unusual role in genesis of 
eoronarj’’ thrombosis in the cases studied. 

Table W 

Distributiok by Race 


American 

Irisb 

Colored 

Canadian 

Russian 

English 

Scottish 

German 

Nova Scotian 

Italian 

Swedish 

Lithuanian 

Syrian 

Greek 

Portuguese 

One case each of French Canadian, Polish, 
Norwegian, Finn, New Foundlander, 
Armenian, Japanese, Turk, Latvian, 
Swiss, Spaniard 


1G8 

31 

10 

If) 

14 

13 

6 

C 


2 

2 


11 


300 


HEREDITARY FACTORS 

Much has been said concerning family tendency to diseases originate 
ing in arterial deterioration, and figures of varj-ing impressiveness have 
been accumulated. The first ease report of family tendency in coronary 
thrombosis was that of Riesman,^^ and a good summary of 3Iusser 
and Barton^" appeared in 1931. Goldsmith and Willius^^ obtained 
positive family history in 55 per cent of their recent series. "Wliite^^’ 
has called attention to the family tendency in cases of precocious coro- 
nary arteriosclerosis and to the association of moderate, hut never 
marked hypertension, among Hebrews. In many of the present cases 
no satisfactory history was possible; in a few no relevant data were 
recorded. Among the 138 cases with satisfactory kistories there were 
55 instances of family cardiovascular renal disorder, 40 per cent. Nine 
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instances of apparent coronary thrombosis occurred (“acute indiges- 
tion/’ sudden death below forty-five years) in a parent. In 20, cere- 
bral vascular accidents were known (stroke, “shock,” apoplexy). In 
14, a parent bad died of dropsy or Bright’s disease in the arterio- 
sclerotic age period. The hereditary . distribution of the 55 cases with 
positive family history is seen in Fig. 4. Hypertension was present 
hi 70 per cent of this group, hut in only 50 per cent of the entire 
series. Fifty-six per cent had their initial attack before the seventh 
decade, as compared with 39.2 per cent in the entire group (Fig. 5). 
From the literature and the data presented it appears that heredity 
is an important jiredisposing factor in coronaiy arteriosclerosis, and 
that h 3 rpertension is related. 

BUILD AND WEIGHT 

Levine has observed that the thin have less tendency to coronaiy or 
general sclerosis than the obese, and this observation is borne out by 
insurance tables, du Bray,^“ Dublin and Marks.^^ In this series build, 
or t 3 T)e, was not adequately described in a sufficient number of cases 
to be conclusive. Exact weight was recorded only in a small proiior- 
tion. In 228, however, there was enough description of the weight 
so that an individual fell into the class of (1) obese and overweight, 
(2) well developed and nourished or (3) thin, emaciated, and under- 
nourished. While this is not a wholly accurate gauge it has value 
because it is the clinical division into which cases naturallj’’ fall and 
are observed. Sixty-seven, or almost 30 per cent, were obese. Forty- 
nine, or 21.5 per cent, were thin. One hundred and twelve, or almost 
one-half, did not deviate from what was considered normal. Compar- 
ing the obese in relation to sex, 45 per cent were females and 55 per 
cent males, whereas only 31.1 per cent of the entire 228 were females 
— ^indicating a disproportionate number of females among the obese. 

Maiy patients were thin, some were senile, others had hemiplegia 
or were physically or economically unable to gain more than fair sub- 
sistence. Twelve were victims of chronic disease (tuberculosis, endo- 
carditis, gangrene). The age, sex, and incidence of hypertension of 
the thin group followed the general pattern. It is manifest that 
arterial disease is not prevented by thinness, or at least that those with 
arterial disease may become thin. 

There is no available evidence bearing on Levine’s belief that the 
typical patient is well-set, often somewhat overweight, frequently quite 
strong. In this series obesity occurred more frequently than in normal 
control groups ; was relatively more frequent in women than in men. 
On the other hand, thinness conferred no immunity. The age at onset 
among thin, normal, or obese patients did not vary significantly from 
the group as a whole (Fig. 6). From the inconclusive data heredity 
does not seem to be necessarily related to body weight in predisposing 
to infarction. 
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ASSOCIATED DISEASES 

Diabetes 3IeUiins . — Diabetes mellitiis is I’ecognized as a disease of 
unusual importance in association Avith arteriosclerosis, and particu- 
larlj' with coronary thrombosis. Nathansoir'®^" observed coronary sclero- 



Flg. -I. — Hereditarj'' distribution: Arranged according to the number of patients 
with Involvement of mother, father, or .siblings, and combinations. The mother 
had vascular disea.sc In 28 in.stance.s, the father in 2~>, and .siblings in 22 of a total 
of aa patients with family va.scular disease. 



Fig. 5. — Age at initial infarction: Ca.se.s with family hi.story (brohcn line) com- 
pared with the entire group of 222 (solid line). 


.sis in 41 of 100 autopsied diabetic ea.se.s. Jo.s]in’.s figure.s"^ indicate 
that recently deaths from coi’onary disease are hifrlier tlian those from 
cerebral or peiipheral vascular le.sions in diabetics. Insulin, by reduc- 
ing the deaths from coma and the metabolic mistakes of diabete.s, has 
prolonged life so that more diabetics live to the age wlien even non- 
diabetics are prone to develop ai*terio.sclerosis. 
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Antecedent diabetes occurred in 10 per cent of Conner and Holt's 
287 cases,® wliile in Levine's group there were 23.7 per cent with 
diabetes or transient glycosuria. Li this series there were 19 diabetics 
out of 109 with satisfactory information on this point, 17.4 per cent. 



Fig. 6. — Age at initial infai'ction: Comparison of the obese (broken line — hollow 
circle), thin (broken line — solid circle), and the entire gi’oup (solid line). 



Fig. 7. — ^Age at initial infarction: Comparison of those with gallbladder disease 
(broken line) and the entire group (solid line). 

Seven of the cases were female, the same proportion as in the whole 
group. The age at onset averaged one year older than in the general 
group, with- the youngest 35, the oldest 84. Hypertension was jiresent 
in seven, was not demonstrated in eleven, with no data in three. No 
instance of freedom of arteriosclerosis, generalized and coronary, was 
found, though the records are not complete in all cases. In 56 of the 
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300 patients there is no history on this point and no urine examina- 
tion, so the incidence in the group may have been higher. .Since the 
only constant finding in these diabetics was arterial disease, it is con- 
cluded that diabetes is important in the iiathogenesis of coronary 
thrombosis only so far as it is associated with coronaiy sclerosis. 

Gallbladder Disease . — ^Although cholecystitis is not primarily a met- 
abolic disease, gallstone, especially of the cholesterol type, probably 
is secondary to a metabolic disordei*,^* if not a pi'imary fault.®'‘ Dis- 
ease of the gallbladder was present in 47, or 17.5 per cent, of 269 
patients in which this organ was mentioned. Twenty-one, or 44 per 
cent, of the eases were in females, a dispi'oportionately large number. 
There were slight differences from the whole group in the incidence 
of onset in decades (Pig. 7). Obesity was present in seven, thinness 
in ten. An absolute eon-elation was found with artei-ial disease, since 
all with gallbladder disease had both general and coronaiw arterio- 
sclerosis. The latter was extx-eme in twelve. Stone was present in 90 
per cent of those with gallbladder disease, in some eases with little 
distui'bauee in the gallbladder struetm-e. It seems probable that the 
high incidence of gallbladder disease and especially of stone foi-mation 
is another manifestation, as is obesity, of a derangement of the lipoid- 
cholesterol metabolism. Stone foi-mation is not of etiological signifi- 
cance in arterial disease, but rather is an expression of a fundamental 
fault which underlies both processes. 

Bheumatic Fever . — ^Karsner and Bayless,-" after a review of the 
extensive literature, maintain that i-heumatic fever regularly produces 
disease in the coronary arteries, inflammatoi-j’^ or fibrotic, or both, and 
suggest that it predisposes to early coronaiy sclerosis. The extent of 
coronary damage in rheumatic heart disease bears a roughly inverse 
relation to the size of the arteries, being most extensive in the small 
and less marked in the large ones.^® The occurrence of rheumatic 
heart disease in this series is seen in Table V. Since only 3 of 31 
instances of initial infarction before 50 were associated with disease, 
there is no evidence of precocious rheumatic coronaiy disease in this 
series, nor is there any indication that rheumatic fever of the type 
which produces valvular disease is a frequent precursor of coronaiy 
sclerosis leading to infarction. 


Table V 

Eheumatic Valvular Disease 


History of rheumatic fever and rheumatic lesions G 

No history of rheumatic fever but rheumatic lesions 3 

Hacterial endocarditis 5 


Total 14 

History of rheumatic fever and no rheumatic lesions 13 
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Syphilis . — Sypliilitic heart disease causes narrowing of the mouths 
of the coronary arteries. This is a recognized cause of cardiac infarc- 
tion’^ but one that is not necessarily associated with thrombosis. ’White 
and Bland^“ found evidence of syphilis in 4 per cent of 200 cases of 
coronary thrombosis in private practice, Conner and Holt*^ in 14.2 per 
cent of their eases, Lev}--^ in 13.4 per cent, and Parkinson and Bed- 
ford^® in 9.6 per cent of 83 autopsies. Appelbaum and Nicolson,^ who 
record an incidence of 6 per cent of 168 autopsies, observe “that 
modern pathologists do not regard syphilis as an etiological factor 
in the production of arteriosclerosis.’^ For evidence of sypliilis in this 
series see Table VI. Syphilitic structural changes were contributory 
to infarction in 8, or 2.7 per cent, of the entire 300 patients. 


Table VI 
Syphilis 


, EVIDENCE 

NO. OP cases 

PER CENT 

Serology positive 

23 (of 233) 

10 

History positive 



Negative serologj'^ (treated) * 

7 


No serology 

1 


Autopsy 



Aortitis (negative serology) 

2 


Aortitis (positive serology) 

(S) 


Aortitis and aneurysm (positive serology) 

(2) 


Total 

33 (of 300) 

11 


ALCOHOL AND TOBACCO 

The chronic users of alcohol and of tobacco in this series are tabu- 
lated in Table VII. Most of the addicts to either were males. The 
age at onset in the two groups followed the average quite closely. 
These figures do not indicate that alcohol and tobacco are regular 
etiological agents or that use, abuse, or abstinence specifically induces 
or prevents those lesions which determine coronary thrombosis and 
myocardial infarction. No light is thrown on ’WliiteV® suggestion 
that tobacco may induce premature coronary disease in young non- 
hypertensive Hebrews who lead a sedentary life. 

Table VH 


Facts op Interest in History 


HISTORY 1 

INCIDENCE 

PER CENT 

I’amily liistory of vascular disease 

Use of alcohol 

55 of 138 

40 

Excessive 

19 of 109 

17 

Moderate 

47 of 109 

43 

Abstainers 

Use of tobacco 

43 of 109 

40 

Excessive . 

25 of 89 

28 

Moderate 

35 of 89 

39 

Abstainers 

29 of 89 

33 
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PJi rX* J riTATING CONDITIOKB 

A, degree of tardy jn’opliylaxi.s against, ('oronary iltromlmsis might 
he feasible if the immediate precipitating events were specific and 
could he avoided or delayed. 

Scnsorwl FonV// ion.— Very striking figui'cs are reported hy Wood and 
Iledley^'^ for .seasonal variation in onset of coronary tlirombosis for 
tliree years at Pliiladeljihia in a grouji of V-i-l patients. Seasonal varia- 
tion in death rate has been noted hy Bnndesen and Falk'"' and by 
Gohn,^ as wcdl as in insurance statistics in eardiovasenlar disease. In 
this series a eonsiderahle nionlhiy variation v.'as found in incidence 
of acute attacks, with a high of 29 in Ajiril and a low of II in 
August. In eases with rej»cated infarcts, only those snlc^crpicnt at- 
tack.s separated hy s.i.v months or more v/erc inelnd<-d. When the 
seasonal incidence was observed, using the rough divisimi of Decem- 
ber, .Tanuary, and February ns winter, the ne.xt three months as spring, 
and so on, a more slrilcing seasonal variation v.'as fonnd fFigs, 8 and 
9). Attention is called to the low incidence of acute coj-oiniry occlusion 
in the summer. Fall, winter, and spring are each rcj)res‘ri)ted by high 
percentages. It is inijirohable that chance faetoi-s, such as lio.spitul 
admissions or city jmpulation shifts in summer, ]>laycd a large part 
in those results, as in many eases admission or death followed the <tnset 
hy weeks, months, or year's. The low summer incidence may he cor- 
related v.'ith a number of factors, such as increases in temperature, 
decreases in infections, especially respiratory, or changes in diet. If 
further substantiation of this seasonal variation is fonnd it may Imve 
an important hearing on fher.apy in arteriosclerotie disease of tin* 
coronai'j' arteries. 

T.vni.r. VIII 

Cn:critST.\N’cr_s at Dssrr 

Time of day 

A.sr. * 2S 

Noon 1 

P.M. 27 

Midnielit 3 


Total G9 


kkljWiok to irsToiSAi/ r..svn;o.sjn'J<T i 

1 itasT 

i AiTTIVlTY 

■ }'J^r2KO 

Sleeping 

Ifi i 

1 IC 

i 

! 

rtciiting, Teclining, ,awal:e 

K1 ' 

13 

i 


Sitting quietly 

11 ' 

! 

1 

( 

Getting out of bed in a.i.?. 

4 

1 

! 4 

j 

Eating 

4 • 

1 4 

1 


Shortly after eating 
(some activity) 

10 


S 

i ^0 

: 10 

Moderate exercise 

19 


1 

i 

Severe exercise 

r* 

t 


1 7 

; 

Immediately after exercise 

4 


f 4 

» 

Totals 

88 

44 

i 44 

1 ^ 
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Time of Marked clianges in cardiovascular activity occur dur- 

ing tlie phases of daih- life with exercise, digestion, emotion, and 
relaxation. From tlie data in Table YIII it is clear that time of day 
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Fig:. 8. — Seasonal variation: Number of acute attacks shovving monthly distribution 
and the average for each season (black line) in 247 instances. 



I; — Incidence of acute attacks by seasons: Comparison of figures of Wood 
1 . attacks (broken line — hollow circle), and this series, 247 attacks 

^oroKen ime — solid circle) and an average of the two series, 380 attacks (solid 
line — solid circle). 


per se was not a factor in this series in determining onset of infarction. 

Occupation and Activity . — Most of these jiatients gave evidence of 
physical wear and tear. The majority were laborers or housewives, 
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but analysis by occupational subgroups was not earned out. The stale 
of activity or inactivity in Avbieb acute attaelcs occurred was examined. 
Belief that thrombosis xisually occurs during rest®’* is not verified. 
It appears that no state of existence is safe when the underlying dam- 
age is present (Table YIII)- There was no dillercnce in precipitating 
events between those over 50 and those under. ]Men, by virtue of 
their daily work, were more frequently active, but women were also 
ovei’taken during considerable activity. Altogether in this group occu- 
pation or activity did not seem specifically important. 

Infection . — Bronchitis was an extremely frequent finding, although 
no considerable number had bacteriological studies. The finding of 
bronchitis or bronchopneumonia at autopsy of eoui-se does not prove 
that it was present before the myocardial infarction, except in very 
recent eases. At least five patients had bronchopneumonia before in- 
farction occurred. In two, empyema antedated infarction ; in rtvo 
chills had occurred before thrombosis; and in two lobar pneumonia 
was found. Although more careful studies of infection are necessarj' 
and no definite conclusion can be di*awn, the suspicion is strong that 
infection may be a precipitating factor in some cases of thrombosis. 

Acnie Effects of Alcohol and Tobacco . — Pour of the 19 chronic alco- 
holics definitely developed their initial thrombosis while deeply in- 
toxicated. It is probable that two others had the same initiation. 
In 13 there was no relation. In the 47 moderate drinkers no associa- 
tion was noted. It is concluded that acute alcoholic coma may pre- 
cipitate occlusion in certain instances where coronarj" disease already 
exists. There was no association in any case with the act of smoking, 
cheAving, or using snuff. 

Tranma . — Indirect trauma is a known cause of cardiac nipture"^^ 
and has been rarely mentioned as a precipitating factor in occlusion.^' 
In three cases in this series it was a possible dii-eet factor. One patient 
fell from a ladder 8 feet high, striking his chest and fracturing several 
ribs on the left side. No pain was described before the fall. He suf- 
fered severe pain for days. Ten Aveeks after the fall he died and a 
fairly recent infarct Avith early aneurj'smal dilatation v/as discovered. 
Another fell and luu’t his left side in a bath tub, and haAong suffered 
undue pain Avent directly into cardiac failure though there had been 
neither pain nor failure before. At death, after almost tAvo years, a 
large myocardial scar AAms found. In a third case a fall from a ladder 
resulted in fractured skull. At autopsy, eight days later, old and recent 
infarcts were found. In the first tAvo cases it is possible that physical 
ATolenee with changes in inti*athoraeic pressure and Amlume, and the 
reflexes and circulatory disturbances set up by the accident or the 
shock, may have precipitated thrombosis on the basis of pathological 
changes which already existed. The role of trauma in the third case 
is not so clear-cut. 
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Hypoglycemia . — ^It is recognized that insiiliii shock may induce coro- 
nar}'' thrombosis, as maj^ even sudden reductions o£ blood sugar with- 
out evidence of shock.”’ Probabl3'' more than one factor is involved 
in the mechanism, including peripheral vascular collapse and physio- 
chemical changes in the blood. Insulin was used in all 19 of the 
diabetics of this series, vigorously'- in seven. In three it was the most 
probable precipitating factor in initiating the thrombosis. No case of 
spontaneous hy'pogly’-cemia, such as has been described by Harris 
(quoted by Harrison^®), was found in this series. Diabetic coma was 
associated with one case of thrombosis, but it is not clear which con- 
dition appeared first. 

Nitroglycerin . — Since 1863, wlien Lauder Brunton^ introduced them 
for relief of angina pectoris, nitrites have been used freely for relief 
of cardiac pain. "With the clinical recognition of coronary thrombosis 
it was noted that this disease was rarely relieved, and even might be 
aggravated by the nitrites.^® In many cases of this series nitroglycerin 
was used in small amounts (1 to 4: tablets), usually with no 

relief. Two patients took heroic amounts, one 20 tablets, the other 50, 
over short periods of time before coming to the hosiiital. If it did 
not inaugurate it probably did aggravate the condition, since the 
dilatation, which is necessarily minimal in calcified coronaries, must 
have been counterbalanced by the disproportionate fall in blood pressure. 

Operative Trauma and Shock. — Surgeons, in focusing attention on 
mistaken diagnoses of acute abdominal conditions where coronary 
thrombosis exists, have not stressed the danger of operative and anes- 
thetic trauma in inducing thrombosis. Master^^ has recently empha- 
sized the role of surgical procedures in inducing infarction, but 
Levine^® did not mention it in a study of nine postoperative cardiac 
disturbances (aU arrhythmias) — cases of what had long been called 
“acute dilatation of the heart.’' In this series there were eight cases 
following major oiierations ; in four, the postoperative period was 
associated with shock, and death resulted from a fresh infarction, 
while in the remainder the relation was not so clearly established. In 
one, following a minor procedure (thoracotomy'-), infarction occurred. 

Hemorrhage . — ^In one case hemorrhage from a peptic ulcer (with 
vomiting and retching) was followed by shock, for which several 
transfusions were given. At autopsy a fresh infarct was found. The 
suspicion of transfusion reaction cannot be eliminated, but hemor- 
rhagic shock seemed to be the precipitating agent. In another, severe 
epistaxis was followed by markedly reduced hemoglobin and a fresh 
infarct was found after death. Two others had profound anemia, with 
hemoglobin below 35, but no certain relation with the coronary throm- 
bosis could be proved. 

. Miscellaneous. ~0\\Q patient went into coUapse following decompres- 
sion of the bladder, long distended by ehi'onie prostatie obstruction. 
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and died witli a fresli infarct. In one case with lympiiatic lencemia, 
injection of pentnucleotide was followed by substernal constriction. 
Nine days later the patient died and a recent infarct wfis found. 

Though in the minds of clinicians the gi’avc form of vascular col- 
lapse in cardiac infarction is regularly assumed to be a result, not a 
cause, of the condition, these eases demonstrate tiiat collapse may be 
the catalyst in precipitating thrombosis and, continuing, color the 
clinical picture after infarction has oecun-cd. 

Table IX 


Internal DiSTi;i:B,A’'rcES 


Operative trauma and shock 
Alcoholic coma 
In.sulin hj'poglycemia 
After trauma to chest 
After trauma to head? 

After excessive nitroglycerin 
Posthemorrhagic .•^hock 
After bladder dccomi)ression 
Diabetic coma? 

Transfusion reaction? 
Pentnucleotide reaction? 


4 

'J 

u 

2 

1 

2 

«> 

1 

1 

( 1 ) 

1 


Vascular collapse or related conditions 


SUMMARY AND CONCLUSIONS 

The criteria for selection of 300 cases of infarction of the heart are 
given and the associated vascular lesions are discussed. 

The average age at onset in 222 patients was 61 years, GO.l for males 
and 61.7 for females. 

Of the entire group of patients, 91, or 30.3 per cent, were females 
and 209 were males. Proportionately more males had their original 
attack in the fifth and sixth decades, and more females in the seventh 
and eighth. 

Family tendency to cardiovascular disease was an impoidant factor, 
appearing in 40 per cent of 138 patients. Seventy per cent of this 
subgroup had liA’^pertension,. whereas only one-half of the entire series 
had it. The age at onset in those with family tendency was younger 
than in the rest. 

Weight, as judged by division into obese, normal, and thin groups, 
had no specific effect in predisposing to or protecting from thrombosis. 
Obe.sity was abnoinnally prominent, but thinness also was frequent and 
conferred no relative immunity. 

Diabetes was present in 37.4 per cent of 109 patients, but was not 
characterized by- earlier age of onset. No diabetic was exempt from 
arteriosclerosis. Gallbladder disease, especially with stone formation, 
occurred in relatively more females than males, was present in 17.5 
per cent of 269 patients, and was always associated ivith arterio- 
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sclerosis. Elieumatic lieart disease was an unimportant factor in this 
series. Syphilis, evidence for which was x^resent in 10 iDer cent of 233 
patients, was the direct or facilitating eanse of infarction in eight. 

The chronic use of alcohol or tobacco could not be regarded as 
etiologically imiDortant. In a few cases alcoholic coma seemed a iDre- 
cipitating factor. The seasonal incidence of onset of infarction was 
low in the summer months. Time of daj*, occuiDation, and activity 
appeared unrelated to the onset of thrombosis. 

Attention is called to the danger of surgical or medical shock as an 
immediate precursor and imeciiutating agent in coronary thrombosis 
when disease already exists in the coronary arteries. 

The author uushes to express his sincere appreciation to Dr. Soma Weiss for in- 
spiration and valuable assistance during the prejmration of this pai^er. 
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THE INCIDENCE OF MYOCABDIAD INFARCTION WITHOUT 
PAIN IN 200 AUTOPSIED CASES^' 

J. Allen Kennedy, M.D. 

Boston, ]\'Iass. 

I T IS tlie purpose of tliis study to determine tlie incidence of myo- 
cardial infarction not associated with pain. At the outset it is 
necessary to distinguish the symptom designated as pain from other 
distressing sensations in the chest. The main interest will he centered 
about those instances in wliicli there* was neither pain nor any uncom- 
fortable sensation in the chest. There have been many references in 
the recent literature to cases of painless coronary thrombosis, but for 
the most part accurate analyses of other distressing sensations referable 
to the chest have not been made. In fact it seemed that when an ade- 
quate survey of such patients could be made, the occurrence of coronary 
thrombosis without any of the painful or uncomfortable sensations was 
by no means as common as had been intimated in recent reports. 

In a study based upon 83 eases of coronary thrombosis and cardiac 
infarction, proved at autopsy, Parkinson and Bedford^^ pointed out 
that in a certain group of cases pain is not a prominent symptom. The 
number or frequency of these cases is not given. East, Bain, and 
Cary® reported 8 cases of cardiac infarction with no history of pain. 
Six of these cases were confirmed at autopsy. Davis'^ in a series of 76 
eases’ foiuid no history of pain in 29, or 38 per cent. Eleven patients who 
died suddenly were not included in the 29 without pain. Fifty -three 
of the 76 were confirmed by post-mortem examination. Bruenn, Turner, 
and Levy^ found in a series of 33 autopsied cases that after discarding 
two patients from whom no history was available because they died in 
coma, 12 (39 per cent) of the remaining 31 had pain with the attack 
of coronary thrombosis. They found four patients mth cardiac an- 
eurysm who had had no pain associated with the final complete occlu- 
, sion. Katz and his coworkers^'^ in a study of 34 eases of coronary 
thrombosis examined at autopsy found tliat 13 (38 per cent) of these 
^^did not give any history of cardiac pain.” He pointed out, however, 
that congestive heart failure, debilitating disease or clouded sensorium 
may explain the absence of pain in a few of these patients but not in 
the. majority. 

Other authors have pointed out that myocardial infarctions may 
occur without , pain, but have not indicated their frequencj’*. Wearn,^® 
Herrick,^® Levine and Bromi^^ and others-' have in- 

*Froin the Medical Service of the Peter Bent Brigham Hospital. 
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dieated clearly the occurreiiee of such cases. Recently there have been 
many case reports of painless coronary occlusion, most of which have 
not been proved by post-moilem examination. 

The material from which this study was made consisted only of cases 
of myocardial infarction that wei'e proved by post-mortem examination. 
The records of the department of pathology of the Peter Bent Brigham 
Hospital from 1913 to January 193G were reviewed, and the clinical 
case histories of every patient receiving a pathological diagnosis of 
either coronary thrombosis or myocardial infarction were studied criti- 
cally, and any reference to pain or painful sensation was carefully 
noted. In most cases the infarct was citlier tlie direct cause of death 
or contributed to it, but in some it was an incidental finding at autopsj" 
and was entirely unrelated to the cause of death. The total number of 
hearts with such post-mortem diagnoses was 200. Those hearts having 
infarctions of smaller size than 1 cm. in diameter were not included. 

It was found that in some of these cases the clinical history was not 
satisfactory with regard to establishing elearh' whether or not the 
patient experienced pain. As this point is a crucial one in this study, 
it was necessary to omit certain cases in order to include only those 
certainly not associated with pain. For example, it is obviously im- 
possible to establish clearly whether a patient dying suddenly as a 
result of a myocardial infarction or one hamng an infarction wliile in 
uremic acidosis has experienced pain with the infarction. These and 
similar cases when omitted are specifically mentioned. 

For the purpose of study the cases "were di\nded into two groups 
according to the age of the infarct. In many instance.? it was possible 
to differentiate accurately two or more sites of infarction in the same 
heart. Counting each of tliese sites as a separate infarct there was in 
200 autopsies a total of 251 separate infarcts which were quite definite. 
All these infarcts were divided into two groups, according to their ap- 
proximate age; one consisting of lesions which were of recent origin and 
shoiving evidence of acute myocardial damage, the other consisting of 
lesions of longer duration, with evidence of a healed, fibrous connective 
tissue scar. The former were all less than eight weeks old and the 
latter were of much longer duration. Most of the infarcts fell easily 
into one of these two groups. However, there were several wliich were 
in such a .state of healing that thej" had evidence of both fairly recent 
myocardial damage and of healing in the same area. The gross and. 
more important, the microscopic appearances of the infarcts in these 
cases were compared with the appearances of those in which the onsets 
were known to have occurred not more than six or eight weeks before 
the time of death. In this way doubtful cases were judged to fall in 
the old or recent groups. Those eases which had a clear, uncomplicated, 
clinical history of myocardial infai’ction were placed in the group of 
''old” or "recent” cases according to w'hethcr the infarction occurred 
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prior to six to oiglit weeks before deatb or not. Tliose cases liaving 
an indefinite onset and tliose in wliieli the time of onset was not known 
accurately were ]ilaced in the proper groiiji according to the age of the 
infarct judged by its appearance. According to this arbitrary division 
there were, in 200 patients, 109 old and 142 recent infarcts. In 51 
hearts of this series both old and recent infarcts were found. 

The cases of each group were divided according to whether or not 
the onset of the infarction was associated with. pain. It w^as found 
that a great many had subjective sensations which were uncomfortable 
and disagreeable but were not described as painful. A further sub- 
division, therefore, was nefiessary to separate those actually having ex- 
perienced pain from those having less severe sensations which were 
termed discomfort or distress. 

GROUP OP '' recent’’ INPARCTS 

The total number of recent infarcts was 142. There were 48 eases 
in this group which had histories unsatisfaetoi\y in regard to astablish- 
ing clearly whether the patient experienced pain at the time of the 
infarction. In these there were associated or complicating conditions 
which obscured the onset of the infarction or made it impossible to 
obtain a satisfactory story from the patient. The cases wliieh were 
omitted because of unsatisfactory histories were as follows: sudden 
death 19; uremia 5; deep diabetic acidosis or coma 3; irrational, toxic, 
stuporous, delirious 9 (these included overwhelming infections of the 
peritoneum or blood stream, psychoses, and one case of peritonitis from 
ruptured gallbladder); cerebral embolism or cerebral hemorrhage 5; 
during or soon after surgical anesthesia and operation 4; during shock 
from bleeding duodenal ulcer 1; severe cachexia from widespread tuber- 
culosis and amyloid disease 1; case in which heart was brought into 
pathology department for examination with inadequate history 1. 

The 94 remaining cases all had satisfactory histories. The frequency 
of pain or discomfort is indicated in Table I. 

It is apparent that only about 4 per cent of the cases had no pain 
or distress in the chest and not more than 4 per cent complained 
merely of discomfort. In fact over 90 per cent had a clear-cut history 
of chest pani. "When pain did occur, the most common site was in the 
midsternum, although it occurred in all parts of the chest and not 
infrequently in the upper abdomen. In the four eases having “dis- 
comfort only” the sensations were described as “constriction in the 
thorax,” “dull ache in the chest,” “precordial discomfort and feeling 
of constriction,” “marked substernal pressure.” None was associated 
■with pain. The case histories of the four instances in which it was 
definitely Imown that the attack of coronary thrombosis was unasso- 
ciated with any discomfort in the chest are of sufficient interest to merit 
brief description. 
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Table I 



RECEXr 

IKFARCTS 

OLIi 

IKLAnCXS 

Cases witli pain 



G5 

03.7 per cent 

Cases witli discomfort only 



u 

13.7 per cent 

Cases without pain or discomfort 

HI 


23 

22.3 per cent 


The fii’st patient, a man aged sixty-four (Jlcd, No. 224.44), entered 
the ward greatly dyspneic and gasping for air and was asked if lie 
had any pain. He cried, in answer, “No, I haven’t any pain, but give 
me air!” He died a few mimitcs later and at anlopsy luid a large, 
very recent infarct near the apex of the lieart in the left ventricle and 
no evidence of pulmonary embolism. 

The second patient, a woman aged iifty (]Med. No. 25374), liad an 
incidental story of angina pectoris and was under observation for 
mj’xcdema which was her primary complaint. She had been on the 
ward for several wcclvs and had been quite well during that time, 
when her condition suddenly changed. Without warning she became 
weak, semi-stuporous and was aroused with difficulty; her pulse became 
weak; heart sounds faint, and she “lay as if exliausted” for several 
days. After this she was very much improved and became well enough 
to sit up in a wheel chair. She denied having had any pain. Two 
weeks after the episode of weakness she died suddenij', and at avtopsy^ 
there was found an infarct which contained necrotic muscle fibers and 
many phagocytic cells laden with pigment; in some areas the degen- 
erated muscle fibers were being replaced with loose connective tissue. 
The appearance was of such an age that it could not have been the 
cause of sudden death, but from its appearance must liave been several 
weeks old. There was no pulmonary embolus. 

The third patient, a man aged seven tj'-f our (Med. No. 2741), while 
in the excitement of huriying to get a doctor for his wife, became sud- 
denly short of breath, veiy weak, and it was neeessaiy for him to sit 
doivn and rest several times before rctuniing liome. For sevez*al hours 
he continued to be weak and dyspneic and was nauseated but expe- 
rienced no pain. Six days later he died suddenly. At autopsy there 
was a moderate sixed, soft, necrotic infarct of the myocardium which 
had ruptured filling the pericardium with blood, causing his sudden 
death. 

The fourth patient, a man aged seventy-seven (liled. No. 46956), with 
a history of a “feeling of depression in the chest with exertion and 
emotion” for two years, entered the ward complaining of weakness. 
He had signs of moderate cardiac dccompen.sation, was given digitalis 
and twelve hours after admission w-as looking better, when he .snddenly 
began to complain of inerea.sing dyspnea. Eespiratorj' difficulty, which 
was his only sjunptom, rapidly increased, and he died thii'ty minutes 
later without ever experiencing pain. At autopsy the right coronary 
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artery was completely occluded, and tliere was extensive recent infarc- 
tion of the right ventricle. In addition there was an old infarct in the 
left ventricle near the apex. There was no pulmonary emholus. 

It is of considerable interest that the most prominent symptom in 
two of these cases was the sensation of being short of breath, in another 
wealoiess was most prominent, and the other patient experienced both 
dyspnea and wealmess. 

GROUP OP “ old ” INFARCTS 

The total number of old infarcts was 109. In seven of these cases 
the histoiy was given by someone other than the patient. This occurred 
when the patient was brought to the ward in a comatose or irrational 
state and never regained consciousness, or when an emergency opera- 
tion was to be performed from which the patient did not recover. In 
addition, there was one case in which the patient died outside the hos- 
pital, and the pathological specimen was brouglit in for examination 
^vithout adequate history. Omitting these seven cases, which were not 
considered satisfactory in establishing whether the patient experienced 
pain with the infarct, there were 102 wliich had satisfactory histories 
(Table I). 

There were 63.7 per cent of the patients who had a definite history 
of chest pain, 13.7 per cent with onlj’’ a history of discomfort, and 22,5 
per cent in whom there was no distress whatever. It is also of im- 
portance that 10 patients gave a histoiy 07ilj/ of angina pectoris (that 
is, with transient pain of several minutes’ duration) and had no story 
of the usual clinical appearance of coronary thrombosis. That this 
may ocem’ was pointed out by Bppinger and Levine‘S in a recent com- 
munication. 

The t 3 ’’pes of discomfort experienced by the group having a history 
of “discomfort only” were of considerable interest. They were de- 
scribed in the patients’ own words, when possible, as follows: “sense 
of constriction in the chest,” “some general discomfort in the abdo- 
men,” “biliousness which caused me to faint,” “heart burn,” “aching 
in the left chest, never severe,” “dull jiains in the abdomen,” “gnaw- 
ing at the lower end of sternum,” “arm aches and numbness of the 
fingers of the left hand, of the left hand and arm,” “tight band around 
lower part of chest pushing everything up,” “substernal choking- sensa- 
tion and pressure in chest,” “weight in chest,” “tightness in chest,” 
“indigestion and discomfort in stomach,” “pressure in chest,” It is 
surprising that infarction of the myoeai-dium could give such a variety 
of sensations. 

It is felt that the data obtained from the study of the old infarcts 
may not be as reliable as those of the recent infarcts. The first reason 
for this is that most of the patients were in the older age groups where 
memoiy defects may influence the recollection of a sensation experienced 
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in the past, especially if it was not severe. Secondly, it may avcU be 
that if a more deliberate inquiry had been made, a larger number 
would have been found to have exi^erienced typical coronary pain or 
discomfort. However, this critiei.sm partty loses its effectiveness when 
applied to the group of recent infarctions. 

From this review it seems that there will be a small, but significant 
group of patients who had an old myocardial infarction from Avhich 
they recovered, and in wliieh there will be no liistoiy of chest pain or 
distress available to identifj’- the attack. Tliis percentage, it is felt, 
w'ould be a good deal less than the 22.5 per cent found here with more 
careful analysis of the i>ast histoi-y. Whetlier tlie incidence would be 
further influenced if minor infarctions less than 1 cm. in diameter 
were included, remains unanswered. 

For the most part one can regard the old infarcts as sjmonymous with 
those from which recovery has occurred and the recent infarcts as the 
fatal ones. In this sense painless infarctions may be somewhat more 
frequent in the nonfatal than in the fatal group, but even liere %vith 
more complete study the difference very likely will be only slight. These 
observations are mentioned because some authors have felt tliat painless 
infarction occurs almost entirely in tliose wlio liave suffered from a 
previous attack. 


SUMSLUIY AND CONCLUSIONS 

A review was made of 200 consecutive autopsied cases of myocardial 
infarction. Tlie purpose was to determine the incidence of painless 
cases of coronary thrombosis and the relative frequenej'^ of pain and 
other distressing symptoms in the chest. Slost of the previously pub- 
lished reports, which have indicated that painless coronary thrombosis 
Avas of fairly frequent occurrence, have failed to take into account the 
difficulty of obtaining an adequate history under such conditions as 
sudden death, coma, surgical anesthesia, and cerebral vascular accidents. 
They have also omitted the important distinction between pain and 
other sensations equally characteristic of coronary artery disease, such 
as pressure, constriction, and burning. 

The cases of myocardial infarction were divided into “recent” (and 
for the most part the immediate cause of death) and “old” (from 
Avhich recovery for varying lengths of time occurred). 

In the 200 cases of this series, when an opportunity Avas available 
to obtain an adequate historjq it Avas found that only about 4 per cent 
of the attacks of myocardial infarction occurring Avithin eight Aveeks 
before death Avere really painless. An analysis of the “old attacks” 
from w'hich recovery had occurred shoAved that about 22 per cent Averc 
painless. It is believed that this figure would be a good deal loAver if 
a more accurate account of the previous illness could haA-e been ob- 
tained. 
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It was also foimd tliat alioiit 4 per cent of tli6 rocGnt and about 14 
per cent of tlie old infarctions were accompanied by sensations described 
by a variety of terms, sneli as, constriction in the chest, discomfort in 
'the chest, burning, pressure, choking, or indigestion. About 10 per cent 
of the old infarctions had pain but not any more than is associated 
vuth an ordinary attack of angina pectoris. Ninetj^-one per cent of the 
recent and 64 per cent of the old eases had the classical pain of a 
coronary attack. 

It was strildng that about one third of the cases of acute infarction 
were accompanied by circumstances which made it impossible to elicit 
a history of pain. It is ob\dous that such cases cannot be classified in 
the painless group. 

I wish, to express my thanlts to Professor Henry A. Christian and Dr. Samuel A. 
Levine for their aid in the preparation of this paper. 
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THIOCYANATE THERAPY IN HYPERTENSION INCLUDING A 
NEW I\I.ICROMETHOD FOR DETERMINING BLOOD 
THIOCYANATES'" 

John Q. Griffith, Jr., M.D,,t and 51. A. Lindauer, 5I.D. 

With the TECHNiavi. Assistance of R. Camfbei.e 
Philadelphia, Pa. 

A rticles by BarkeU’^ appeared in 5Iarch, 1936, and January, 
1937, describing the use of tiiiocyanate in llie treatment of liyper- 
tension. Although thiocyanate has been employed for this purpose 
for nearly ten j’ears, occasional fatalities have been reported, Avith the 
result that its use had been abandoned almost entirely. Barker at- 
tempted to control the dosage by determining the level of tiiiocyanate 
in the blood. He tried to maintain a level, of 6 to 12 mg. per 300 c.c. of 
serum, but .stated that mild toxic sj-^mptoms did not occur until the level 
rose above 15 mg., more marked symptoms above 20 mg., while falalities 
probably occurred only with a level of 40 to 50 mg. He found that there 
was great variation in dosage required to attain the same blood level in 
different individuals and suggested that this might account for the 
fatalities reported in the literature. In his series of 45 cases controlled 
by blood determinations, he had no fatalities. Serious complications 
occurred in two patients in wdiom the blood level rose unexpectedly to 
33 and 45 mg., respectively, on what appeared to be conservative dosage. 

Approximately two weeks after the publication of Barker's fir.st paper 
we began using his method in patients attending the Cardiac Clinic of 
the University Hospital. We have also treated a few patients from the 
wards of this hospital and from private practice. In the beginning we 
used Barker’s method for thiocyanate determination. We found, how- 
ever, that many patients obiected to the repeated venipunctures re- 
quired. Recently we have modified Barker’s method so as to be able to 
use small amounts of blood such as can be obtained by finger puncture. 

method 

General . — In the course of a year avc have given thiocyanate to 26 
patients. Sixteen of these have been followed for periods varying from 
two to nine montlis; they have attained satisfactory blood levels and 
have cooperated satisfactorily. The remaining 10 are not considered 
here because (1) a sati.sfaetory blood level was not reached, usually 
because the patient discontinued visits, or (2) the time interval is 

‘From the Robinette Foundation, the Medical Clinic of the Hospital and the Fepper 
Eaboratory of the University of Pennsylvania, 
t-Atwatcr ICent Fellow in Medicine. 
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inadequate to evaluate results. Cooperation has been much more sat- 
isfactory since mtroduction of the micromethod. 

The initial dose employed is 0.1 gm, of potassium thiocyanate three 
times a day. We determine the thiocyanate level in the blood at the 
end of a week. The dose is then continued or, usually, increased. For 
example, in one case with the initial dose of 0.3 gm. a day, the level at 
the end of a week was 4 mg. per 100 c.c. The dose was then increased 
to 0.6 gm. a day, and at the end of a w^eek the blood level was 8 mg. 
A jShal increase to 0.8 gm. a day was followed by a blood level of 10 mg. 
This we have regarded as optimal. If a blood level of 10 mg. is main- 
tained for two weeks and no appreciable drop in blood pressure occurs, 
we ^abandon the medication. ■ 

We prefer to give the daily dose in three or four equal fractions 
rather than in a single dose. If the dose is high, it is well to take it 
in water to avoid gastric irritation. Aromatic elixir has been a satis- 
factory vehicle. We have used the potassium salt exclusively, although 
■Barker stated the sodium salt is quite as satisfactory. 

Arbitrarily we have defined a successful case as one in which the 
sj’-stolic pressure falls to 170 mm. or lower, with a corresponding decline 
in diastolic pressure and with associated subjective improvement. 

Micromeihod for Thiocyanate Determination . — 

A. Solutions and materials 

1. Ten per cent tricliloracetic acid solution. 

2. Ferric nitrate reagent. Dissolve 50 gm. of crystallized ferric nitrate in 500 c.c. 
of distilled vrater. Add 25 c.c. of concentrated nitric acid and make up to 1 liter 
witli distilled 'water. 

3. Tliiocyanate standards. Stock solution. Dissolve about 1 gm. of potassium 
tbiocyanate in 800 c.c. of distilled water. Titrate a 20 c.c. portion of a standard 
silver nitrate solution (made by dissolving exactly 2.92 gm. of silver nitrate in 1 
liter of distilled water) acidified witli 5 c.c. of concentrated nitric acid, with the 
potassium tliiocyanate solution, using ferric ammonium sulpliate as an indicator. 
Dilate the tliiocyanate solution to a strength equivalent to that of the silver solution 
volume for volume; it then contains 100 mg. per 100 c.c. Standards may be made 
up from tliis by dilution as desired. We employ 10 mg. and 4 mg. per 100 c.c. to 
check against the ink standards, which will be described later. 

4. Standards of inlv. These standards are tedious to make up and are not abso- 
lutely necessary because standards of thiocyanate can be set up in small tubes for 
each working period. However, the inlv standards do not fade, or at least have not 
done so yet, while the thiocyanate standards must be made up fresh each day. 

Permanent • ’ standards save at least one-half hour for each working period. 
Yellow^ and red! inks are used. In preparing the inlc standards, thiocyanate 
standards are set up in test tubes, diluting from the stock solution described in Sec- 
tion 3 so as to have strengths, per 100 c.c. of 4, 5, 6, 7, 8, 9, 10, 11, 13, and 15 mg. 
Each solution is then mixed ■with an equal volume of tricliloracetic acid and one-fifth 
of the combined volume of ferric nitrate reagent. 

The t'u'o inks, a few drops at a time, are added slowly to approximately a liter 
■ 9^ water in a clear contaiher. The approximate proportion was two parts of the red 

'Inlelible yello'w ink mafle by F. Weber anti Co., Philadelphia. 
iHigfgins Brick Red Waterproof Ink. 
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to one part of tile yellow. From time to time a little ie taken out in a tCKt tube an<l 
compared with the 15 mg. tbioeyanatc standard. AViien tlic colors appear com- 
parable except that the ink is a little deeper (about 10 to 20 per cent), the solutions 
aro compared in a colorimeter, and a reading of the ink in terms of thiocyanate is ob- 
tained. A small amount, approximately 50 to 75 c.c., is then diluted to match exactly 
the thiocyanate standard of 15 mg. A small amount of this, after it is checked in 
the colorimeter, is sealed in a glass tube such as that to be used in the actual de- 
termination. We use tubing with a 4 mm. outside diameter, a 1.5 mm. inside di- 
ameter, and a capillarity in ether of 5 mm. Tubes of the ink .standard .are compared 
rsith tubc.s from the thiocyanate solution. When the match is sati.s factory, the re- 
maining tube standards are made up similarly. 

5, A number of glass tubes, drawn to a capillary tip at one end, cut oft evenly 
at the other, about 10 cm. long, with measurements for width as given for the 
standard tubes. The tubes used to collect blood arc coated witli potassium o.xalafc 
(i.c., a solution of 2 per cent pota.ssium oxalate is sucked up, blown out, and the 
tubes are permitted to dry). The tubes used for the reactions v.'itli the pla.sma arc 
clean. 

B. Actual Detcraination: 

1. Collect blood in tube containing pota.ssium oxidate. A column of blood from 
0 to 7 cm. long is drawn up through the capillary tip, which is then sealed. 

2. Centrifuge. Divide the tube with a tile at the cell-phasraa junction. Transfer 
the plasma to a clean tube. 

3. Measure the length of the plasma column. Add a similar length of trichlorace- 
tic acid. Seal the capillary end. Mix with a wire. I>et .stand for ten minutes. 

4. Centrifuge. 

5. Divide the tube at llic precipitate-supenialnnt fluid junction. Transfer the 
clear supernatant fluid to a clean tube. 

0. Add a column of ferric nitrate reagent one-liflh the length of the column of 
supernatant fluid. Seal the capillary tip. Mix with a wire. 

7. Compare, against tlie colorimeter light, with the standard tubes, using either 
frc.shly made up thiocyanate standards as described in paragraph 4 under "Solutions 
and materials" or tho permanent ink standards, "Wlien the inks are u.sed, we check 
them by making up at semiwcekly intervaks thiocyanate standards of 4 and 10 mg. 
for comparison. We have found the ink in sets of tubes con.stant for at least two 
months. 

Certain points in the handling of such tubes arc important. In the first step the 
blood is introduced through the capillary end and sucked up, by a rubber tube and 
mouthpiece attached to the wide end as for a blood counting pipette. Before sealing 
the capillary tip the rubber tube is pinched twice, the first time near the glass tube 
and the second just distal to the first pinch, releasing the first pinch only after the 
second lias been applied. This draivs the blood away from the capillary tip, which 
is then sealed. MTien breaking tho tube to separate the plasma after centrifuging 
(step 2), the finger must be applied tightly over tho open end or the plasma will 
run out. Transfer of liquid from one tube to another is made by thrusting tho 
capillary tip of the recipient tube into the lumen of the donor tube and tilting both 
tubes slightly from the horizontal so that the liquid runs into the recipient tube. 
Before adding a second reagent, as in steps 3 and 6, move the column from the 
capillary tip to within 1 cm. of the wide end; thi.s is best accomplished by putting 
a rubber tube on the capillary end and pinching it progressively nearer the tube. 
When the rubber tube is released, the fluid should flow readily with slight tilting. 
If it does not, there is u.sually a bubble in the capillary tip wliich must be expelled, 
either by moving the column backward and fonvard while appl 3 'ing absorbent cot- 
ton to the capillurj' end or hj' gentle heat. The mark to which the second reagent is 
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to be added is made -witli a tile and pencil. The finger is placed over the capillary 
end, the tube is held vertical vrith the capillary end up, and the open end is thrust 
deeply into a test tube containing the reagent to be added. Slight movements of the 
occluding finger then permit the reagent to rise to the mark designated. An air 
bubble separates the two columns. Both columns are then permitted to move slightly 
away from the wide end, by tilting, so that there will be no spill over when the 
capillary end is heated. The capillary tip is then sealed, and the two columns are 
mixed with a wire. In step 5 it is important to make sure that the precipitate is 
evenly packed, i.e., that there are no isolated lakes of plasma below the upper level 
of the precipitate. If such are present, the tube must be stirred and recentrifuged. 
Otherwise the reading null be too low. 



M SCN />er fOO CC. H&cro Method 

1. — Chart showing comparison between blood thiocyanate values obtained in the 
same patient at the same time by Barker’s method and by the micromodiflcation. 

RESULTS 

For comparison of readings made at the same time in the same patient 
by the method of Barker and by onr micromodiflcation see Fig. 1. Ob- 
viously the micromethod is less exact and can be read onlj’" to the near- 
est milligram. However, for clinical purposes, it is adequate. The 
level we wish to reach, approximately 10 mg., is 5 mg. below the level 
at which, according to Barker, mild toxic s;>Tnptoms occur, 10 mg. below 
the level of deftnite toxic symptoms, and 30 mg. or more below a level 
wliicli is tliought to be fatal. Thus the margin of safety is large. 

The data concerning the 16 patients adequateij^ treated are listed in 
Table I. The first ten would be considered good cases according to the 



TADTiB I 


714 


Till-; AAIEniCAI? HEART .TOURNAE 



tSvibJoctivoly : I— Impiwoil ; U — uiu'hunitoO ; AV — worst'. 



715 


GRIFFITH ET AL. : THIOCYAlSrATE THERAPY 

definition previoiisly given. In Cases 11 to 13 the blood pressures were 
somewhat lowered but not to the desired level, wliile tlie patients eitlier 
felt better or at least \vere no w-orse. TJiese eases iniglit be classed as 
equivocal. Cases 15 and 16 are classed as failures because there was 
no effect on blood pressure. Case 14 is also considered a failure because, 
although the blood pressure wns lowered somcwliat, the patient felt 
worse. 

Patient 7 is charted in detail in Fig. 2. Tliis 'wonmii, aged forty-three 
years, was ImoAwi to have had a hypertension averaging about 195 mm. 
sy stolic since 192/. It had been taken many t.imcs by lier husband, a 
physician, but for simiilicity the figures charted include only those ob- 
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been due to the drug. Patient 14 felt worse when her blood pressure 
was lowered, but no complications were noted. 

SUM5IARY 

Thiocyanate was given to 26 patients with hypertension. The dosage 
was controlled by blood thiocyanate determinations according to the 
principle of Barker. No fatalities and no major complications occurred. 
Of the 16 patients adequately treated and controlled, 10 had a good 
result; i.e., s^'^stolic blood pressure fell to 170 or lower, with a corre- 
sponding fall in diastolic pressui-e, and there was subjective improve- 
ment. Dosage varied from 0.3 to 1.0 gm. a day. The blood thiocyanate 
level varied from 8 to 13 mg., though 10 mg. was the level desired. A 
micromodifieation of Barker’s blood tlnoc 3 mnate method was devised 
using standards of ink which seem to be relatively permanent. This 
method utilizes blood from finger puncture rather than venipuncture 
and is sufficiently accurate for clinical requirements. 
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KECIPEOGAL EHYTHM IN A PATIENT WITH CONGENITAL 

HEAET DISEASE^' 

Frank B. Cutts, M.D. 

Providence, E, I. 

D uring tlie stud}- of electrocardiogTams showing unusual transi- 
tions between normal sinus rhythm, ventricular escape, A-V nodal 
rhythm, and A-Y dissociation,’^ one patient w^as encountered whose elec- 
trocardiograms on several occasions exhibited reciprocal rhytlun. As 
it was possible to observe this patient over a considerable period, and 
as reciprocal rhythm is a rare condition, at times incorrectly diagnosed,- 
a brief report of this case seemed advisable. 

. CASE BEPORT 

■ M. S., a twenty-tliree-year-old hospital employee, was admitted to the Rhode 
Island Hospital Oet. lo, 1934, complaining of vomiting, diarrhea, and general 
malaise of one day’s duration. He gave a liistory of previous gastrointestinal 
upsets following the ingestion of pork or ham, and he had eaten pork for lunch 
on the day prior to entry. On the day of entry he felt uncomfortable generally and 
developed progressive nausea and, somewhat later, diarrhea. There were no com- 
plaints referable to the cardiovascular system. 

Fa^t Eistory . — ^He had always been well. There was no Mstory of rheumatic 
fever, chorea, or epistaxis. He had never noted or been told of periods of cyanosis. 
He had noted no dyspnea, and, during the summer prior to admission, had fre- 
quently swum over a mile without difficulty. After vigorous exertion he was occa- 
sionally conscious of mild palpitation. 

Physical Examination . — The patient was a very well-developed and well-nourished 
young white male, lying comfortably in bed. Temperature was 104.6® F.; pulse, 
80 ; and respiration, 25. The significant positive findings were limited to the chest. 
The heart was definitely enlarged to the left by palpation and percussion. No 
thrills were felt, but a distinct shock could be felt in the region of the pulmonic 
valve and along the left sternal border. Upon auscultation tlxis shock w'as found 
to be sjmchronous with a very loud pulmonic second sound. With full inspiration 
this pulmonic second sound became reduplicated. The only murmur present was a 
2 to 3 plus (4 plus = maximum) systolic murmur, loudest along the left sternal 
border in the third and fourth interspaces. The rhythm was variable, at times 
being regular and at times exliibiting coupled beats. The coupled beats were more 
apt to appear during the maintenance of full inspiration. The heart rate varied 
between 50 and 90 beats a minute, and the blood pressure was 115/60. 

Laboratory Stndies . — ^Urine studies were negative. The Wassermann test was 
negative. Alicroscopic blood studies were normal except for a leulrocytosis of 
21,000 with 80 per cent polymorphonuclear cells. The stools showed occult blood 
on one occasion. Subsequent examinations were negative. No ova or parasites 
were seen. 

Course and Further Sttidies . — The temperature rapidlj' dropped to normal and the 
gastrointestinal disturbance disappeared in two to three days. After the tempera- 

Dr.*Fra?k Rhotle Island Hospital, under the direction of 
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turc diopped, bigcminy occurred less frequently. Orthofluoroscopic studies of the 
cliest showed the heart diameter to be 14.9 cm, and the internal chest diameter to 
bo 25,4 cm. There was definite enlargement of the left ventricle both to the left 
and posteriorly. No enlargement of the left auricle was detected. There was in- 
creased prominence in the region of the pulmonary conus. The cardiac pulsations 
were slow and vigorous. 

The patient wms soon discharged from the ward with a diagnosis of acute 
enteritis and congenital heart disease, probably patent interventricular septum. He 
has continued in tlie employ of the hospital, is in e.xccllcnt health, and has developed 
no new symptoms or signs (Slareh 15, 1937). Occasional electrocardiograms taken 
during the past two years have sliown, for the most part, S-A rhythm. At times 
A-V nodal rhythm has occurred, but reciprocal rhythm has not appeared .sjion- 
taneously in the tracings taken. 


A. B. 



Fig-. 1. — Tracing A, at the left, was recorded while the patient was exhibiting 
uncomplicated A-V nodal rh>'thm. It was taken Oct. 31. 1934, forty-five minute.s 
after the subcutaneous administration of atropine, grain one-thirtieth. The rjito was 
70 per minute. Tracing B, at tlie right, war, recorded while the patient was ex- 
hibiting uncomplicated .S-A rhythm. It was taken Oct. 20, 1934, during bed re.st 
without previous medication. The rate was .55 per minute. In I..e,Qd I note the 
nearly isoelectric P-waves in tracing A -and the high P-wavo.s in tracing B. 


ELECTRO C.ARDIOGRAPHIC STUDIES 

Fifty-eight electrocardiograms were taken on this patient under various circum- 
stances, and, of this number, tliirteen showed one or more instances of reciprocal 
rhythm. The remainder were about equally divided in .showing S-A and A-V 
rhythm. 

In reviewing the tracings it was noted that the transitions between S-A and A-V 
rhythm were frequent and would often occur spontaneously. Consequently, it was 
difficult and often impossible to attribute the presence of any one type of rhythm 
to any procedure employed or drug administered. The effect or lack of effect of 
various conditions and drugs is outlined below. 

Fever: Eeciprocal rhythm was frequently present during the short time that the 
patient’s temperature was significantly elevated. Whether this wms due to the fever, 
or to infection or toxemia, we do not know. No subsequent febrile episodes have 
been present to date. 
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Ingestion of Cold Water: No definite effect was noted. 

Change of Fosiure: Tins involved taking records witli the patient sitting up 
and immediately after lying down. The reverse procedure was also tried. No con- 
sistent change was noted. 



Pig. 2. — ^Tliese two tracings in Lead II sliow the transitions in rhythm that fre- 
quently appeared spontaneously in this patient. The top tracing, taken Oct. 19, 
1934, shows the sudden appearance of a reciprocal beat in the midst of S-A rhytlim. 
The bottom tracing, taken Oct, 20, 1934, shows a transition from A~V to S-A 
rh>-thm. 

_ The diagrams beneath tliis and subsequent electrocardiograms are arranged in 
identical fashion and may be described together. The vertical black bars in the 
upper strip, marked A, represent the auricular beats and are placed directly beneath 
me .P-Waves in the accompanying electrocardiogram. In the middle strip, marked 
P-Rj are. recorded, in hundredths of a second, tlie P-R inten^als (preceded bj- a plus 
sign) or the R-P inteia'als (preceded by a minus sign). The arrows in this middle 
strip indicate the direction of impulse conduction and are only included when it 
seems probable that a beat has been actually conducted. In the bottom strip, 
marked I'', the heavy vertical bars represent and are placed directly beneath the 
ventricular beats. , The intervals between the auricular and ventricular beats are 
recorded in hundredths of a second. The auricular and venti-icular beats are 
numbered consecutively in each diagram. 
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Carotid Simts Pressure: This •vvas tried on each side on several occasions, and 
no constant effect was elicited. 

Exercise to the point of mild dyspnea resulted in rlijibrn ot either S-A or A-V 
origin, at a somewliat increased rate. The ventricular rate (85 per minute) was 
quite equal to that present when the temperature was elevated and wlien reciprocal 
beats were frequent. 


r 



Adrenalin: Twelve minims (1-1000 solution) were injected subcutaneously on one 
occasion. This raised the rate per minute from 53 to 65 in fifteen minutes. All 
of several tracings made after the injection showed S-A rhythm. However, the 
control tracing on this day also showed S-A rhj-thm, so no convincing evidence is 
present that tliis amount of adrenalin had any appreciable effect. 

Forced Deep Eespiration: On several occasions this was tried and almost always 
resulted in A-V rhythm. Occasionally, especially after a forced expiration, reciprocal 
rh%-thm occurred. Except for the administration of digitalis (Fig. 3), temporary 
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Fig. 4.-— Both electrocardiograms were taken Oct. 31, 1934, in Lead II. The 
longer tracing A wa.s a control electrocardiogram taken before the administration 
of awopine. .Kote the reciprocal beat (ventricular beats 2 and 3) and later the two 
couples (ventricular beats 5 and 6, and 7 and 8). In the two latter instances 
the absence of clear evidence of auricular activity between the two beats 
of the couple, and the slurring of the second ventricular beat in each pair. See 
discussion in text. ‘ 

tracing B was taken twenty minutes after tlie administration of 
one-thirtieth grain of atropine subcutaneously, while right carotid sinus pressure 
tiemg applied. Here recurring reciprocal beating is present. Kbte the absence 
of the P-wave between ventricular beats 5 and 6. In all three couples the interval 
between the two ventricular beats • is constant. 
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Table I 

The time relations of the various components of the reciprocal beats observed in 
Leads II and TTT . Those observed in Lead I were not included, as the P-ivaves were 
often difficult to clearly identify. Note the constancy of the B-R interval, and the 
variability of the P-B and B-P intervals, observed on Dec, 10, 1934. Also note the 
variability in the character of the second QRS complex. 


BATE AXI> 

LEAB 

ii-r. iNTpa’.VAU 

(spxoxns) 

R-P INTEP.VAI. 
(.sEcoxns) 

I'-R JKTERVAI, 
(.SP;COKl).S) 

COXIUTION OP’ 

sp;co.%'i) 0 P..S 

lO/lG/34 

Lead II 

0,57 

0.22 

0.35 

Jt lower, S deeper 

Lead II 

0,5(5 

0.22 

0,34 

R lower, S deeper 

Lead III 

0,00 

0.20 

0.40 

No change 

Lead IH 

0,58 

0.21 

0.37 

No change 

10/19/34 

Lead II 

0,50 

0.19 

0.37 

R Iiighcr, S smaller 

10/31/34 

Lead II 

0.(54 

0.25 

0.39 

.Slurred, E higher 

Lead n 

0,02 

0,22 


No change 

Lead H 

O.GO 

0.24 

0,30 

No change 

Lead n 


0.22 

0.38 

No change 

Lead II 


0.20 

0.39 

Much .slurred 

Lead U 

0,59 

0,28 

0.31 

Much slurred 

Lead II 

O.GO 

0,22 

0.38 

No change 

Lead U 

0.02 

0,21 

0.41 

B higher, no .S 

Lead II 

0.02 

0.20 

0.42 

E liighcr, slurred 

Lead H 

O.Gl 

0.28 

0.33 

No change 

Lead 11 

0.50 

0.19 

0.37 

No change 

Lead II 

0.01 

0.25 

0.30 

E higher, H .smaller 

Lead H 


0.20 


K higher, >S smaller 

Lead H 


0,20 

0,38 

H liighcr, fi .smaller 

11/ 1/34 

Lead II 

0.04 

0.2S 

0.3G 

Slightly .slurred 

Lead II 


0.28 

0.3G 

.Slightly slurred 

Lead 11 


0.27 

0.3G 

Slightly slurred 

Lead 11 

O.Gl 

0.38 

0,23 

S deept-r 

Lead III 


0.21 

0.39 

Much pvidened 

12/ 4/34 

Lead II 

O.GO 

0.23 

0,37 

Slightly slurred 

12/ 8/34 

Lead II 


0.2C 

0.36 

No change 

Lead II 

O.GO 

0.20 

0.40 

No change 

Lead lU 


0.20 

0.34 

E liigher 

Lead III 

0.61 . 

0.20 

0.35 

E Idghcr 

Lead III 

0.00 

0,22 

0.38 

K higher 

I^ad III 

0.G2 

0.24 

0.38 

No change 

Lead III 

0.60 

0.28 

0.32 

No change 

12/10/34 

Lead H 

0.59 

0.30 

0.29 

E liigher, S smaller 

Lead H 

0,60 

0,23 

0.37 

R higher, .S smaller 

Lead n 

0.59 

0,25 

0.34 

E higher, S smaller 

Lead U 

O.GO 

0.30 

0.30 

E liigher, S smaller 

Lead II 

O.GO 

0.24 

0.36 

E liigher, .S smaller 

Lead II 

0,60 

0.24 

0.36 

E higher, S smaller 

Lead H 

O.GO 

0.25 

0.35 

E higher, S smaller 

Lead 11 

0..59 

0.27 

0312 

R higher, S smaller 

Lead H 

O.GO 

0.10 

0.41 

E higher, S smaller 

U*ad 11 

0.59 

0.26 

0.33 

E higher, S smaller 

Lead III 

0.00 

0,33 

0.27 

E much higher 

Lead III 

0.00 

0,32 

0,28 

E higher 

f,.ead lU 

0.60 

0.28 

0.32 

B higlier 

Lead III 

0.00 

0.20 

0.40 

E much slurred 

Lead UI 

O.GO 

0,28 

0,32 

B liigher 

Lead HI 


0J!4 

0.26 

E higher 

Maximum differ- 
ence in figures 

0.10 

0,19 

0.19 













CUTTS; RECIPROCAL RHYTHM 


723 


maintenaiice of full expiration seemed to Ise the procedure most likely to result in 
reciprocal rhythm. "Wilsons has noted instances of a shift of the pacemaker from 
the S-A to the A-Y node with deep respiration. 

Dipitah's; Four-and-one-half grains a day were given by mouth for twenty-one 
days. At the, end of this time there were no discernible effects by electrocardiogTam, 
and no symptoms. Consequently, the daily dose was raised to six grains, and this was 
continued for another twelve days. There were still no toxic sj'mptoms, and the 
patient’s appetite remained excellent. However, at this time, the electrocardiogram 
showed frequently recurring examples of reciprocal rhythm (Fig. 3). Previous 
electrocardiograms taken during the period of digitalis administration had shown, 
for the most part, A-Y nodal rhythm. Wliite,-* Dock,3 and Elmngart and Gargillo 
have observed the more frequent occurrence of reciprocal rhythm after digitalization. 

Atropine: This was administered subcutaneously in one-thirtieth grain doses 
on two occasions, once before giving digitalis and once at the end of the experiment 
with . digitalis. In the first instance, the control tracing showed transitions between 
S-A and A-Y nodal rhythm. Tracings were taken 20 minutes, 45 minutes, 85 minutes, 
hours and 24 hours after the injection of atropine. The first tlrree of these 
showed A-Y nodal rhj-tlim throughout, with a moderate increase in the ventricular 
rate. The last two tracings, taken when the sjTnptomatic eff'ects of atropine had 
worn off, were very similar to the control tracing. Ho consistent tendency to 
reciprocal rhythm was shown at any time. Jones and White" noted a similar lack 
of effect of atropine in changing A-Y rhythm. ^Yilsons has pointed out the tendency 
of atropine, especially soon after its administration, to convert S-A into A-Y 
rhythm. Bishop,^ and Dock,5 however, observed a change from A-Y to reciprocal 
rhytlim, following the administration of atropine. 

The effect of atropine after digitalis administration was more strUdng. Tracings 
were taken 15, 17, and 30 minutes after injection. In all three tracings only A-Y 
nodal rhythm appeared, and the previously observed tendency toward reciprocal 
rhythm had entirely disappeared (Fig. 3). lVhite,4 and Blumgart and Gargillo have 
observed the shortening by atropine of B-P intervals previously lengthened by 
digitalis. 

A study of the time relations of the various components of reciprocal rhythm 
is recorded in Table I. It is readily seen that the interval between the two ven- 
tricular beats of a couple is fairly constant tliroughout. The R-P and P-R intervals, 
however, show greater variation. Moreover, the length of the E-P interval does not 
appear to be the sole determining factor in the appearance of reciprocal rhythm. In 
general, reciprocal rhythm does occur with the longer R-P intervals. However, in 
some, tracings, R-P intervals not followed by reciprocal beats are as long as, or longer 
than, R-P intervals followed by tjq)ical reciprocal beats. The second QRS of a 
couple often differs somewhat from the first. It may show slurring of greater or 
less degree, and the relative amplitude of the R- or S-waves may be distinctly 
different from that seen in the first QRS complex. 

DISCUSSION 

It is not onr XMirpose to enter into a detailed discussion of the mecha- 
nism. of reciprocal rhythm, as this has been done previously by oth- 
and we have nothing to add. One point in Figure 4dB seems 
worthy of further comment, as it illustrates an observation that we have 
not encountered in the literature on this subject. It may be noted that 
the first two groups of coupled beats in this tracing have a definite in- 
verted auricular wave between the two beats of the couple — as is usual 
in reciprocal rhj’thm. However, between the beats of the last couple 
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(ventricular beats 5 and 6) there is no definite evidence of any auricular 
activity. In spite of this, the interval between the venti-ieular beats 
remains the same as in the previou.s couples (0.58 .second). This we 
take to be suggestive evidence that an impulse may travel up the A-V 
node or bundle ivithoiU entering the auricle, and I’ctum by the same or 
a slightly different pathway to result in a ventricular response, after an 
interval ecpial to that taken by similar impulses that do activate the 
auricles. This would thus .seem to be evidence that auricular systole 
is not necessary for the occurrence of the second ventricular boat in 
reciprocal rhythm. 

Coupled beats similar to the last one illustrated in Fig. 4 j!> were ob- 
served on two other occasions and are shown in Fig. 4A (ventricular 
beats 5 and 6, 7 and 8). There are two differences to he observed, how- 
ever. QRS complexes 6 and 8 are considerably slurred, aiid the T-waves 
w’ithin the couples are more pointed than those seen elsewhere in the 
tracing. The widened QRS complexes indicate that the impulse has 
si)rcad through the ventricles differently than in the ordinary beat.s. 
However, tliis point would not by itself militate against a diagnosis 
of reciprocal rhythm, as we have .several otherwise typical instance.s 
of reciprocal heating in -wliieli the second beat of the couple sliow.s 
maiked slurring. Dock,® and Blumgart and CargilF have also ob- 
served slurring of the second QRS complex in rceiiu’ocal rbytbm. The 
unusual .shape of the T-waves indicates the possibility of upright P- 
w'aves of S-A origin being buried witliin them. However, here again, 
the intervals between the heats of the two couples are practically 
identical with the intei’val between the heats of a tyj)jcal example of 
reciprocal rhythm shown in the first pari of the tracing (ventricular 
beats 2 and 3). Tliis would .suggest that the mechanism of all three 
couples is mucli the same. Thus, we believe, tiic evidence is .suggestive 
that an impnl.se may travel from the ventriclc.s hack to the auricles 
and return to the ventricles without i-esulting in an auricular heat. 
However, further study is necessary to conclusively ]>rovc or disprove 
this point. 


SUAIMARY AXD COXCU3SIONS 

A case of congenital heart disease with probable ]>atent interven- 
tricular .septum is presented, Bleclroeardiogi-ams frcquentlv showed 
reciprocal rhythm, 

Dui’ing the patient’s initial febrile episode, reciprocal rhythm ap- 
peared spontaneously on several occa.sions. Of various experimental 
procedures tried, only forced respiration and the administration of 
large amounts of digitalis seemed effective in initiating tins tyne of 

Lblr-ii produced by digitalis and re- 

■sulted m A-V nodal rhythm. 
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In tlie reeiprocal rliytlim by onr patient, the second ventricular 

beat followed the first after a fairty constant interval. The B-P and 
P-R mtervals of the intervening auricular beats were more variable. 

Evidence is presented suggesting that reciprocal beats may occur 
without the presence of a preceding auricular beat. 
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STUDIES OF THE COLLATERAL CERCL'LATIOH FOLLOWING 
EXPEEDEENTAL VASCULAR. OCCLUSION® 

Irwec D- Steen^. SI.D. 

JIoTJXT Ver::cox. N, T. 

’-purs inTestigation Tvas imdertakeii -n-ith the purpose of producing 
vascular ohstruetion in the rahbit — to follo-sr from inception to 
termination the changes that occur — and to e%'aluate the factors -which 
influence the development and effectiveness of the collateral circulation. 
A major portion of the study vras devoted to the effect of passive 
vascular exercise. 

PROGEDUEE 

The ears of mature rabbits rrere selected because they, like the extremities, are 
peripheral organs: and because temperature end color changes of the sl-an could 
be readily correlated -with changes in the caliber of the vaHmiar tree. 

Groups of animals were prepared and then treated according to the foUouing 
schema: (Table T) ? 

T-t3LS I 


GKOC? • 


XO. OF 

mtSBITS 

; PASSIVi: VA5 XX'JvAK 

: E-XiisaHr 

REJtXilltS 

I ; 

J 

1 normal cortrrol 

1 ligated control 

■pressure^: --lO -20 
-50 -.30 
Cv/'l^z E^^stive 

10" T/osirire 
iEx: 1-5 to C-0 min. 

:'T:-srisj.f:a and va.-?akiT ro* 
af?t}on>. 

II 

1 

lisa ted 

control 

Pre.ssures: -30 —50: -20 

Ligation of main vessels 


*» 

•> 


test animals 

.-3 trk. treatment % hr. to 
3 hr. daiiv 

at base of ear onlj. 

m ! 

2 

lisated 

c^Tstrol 

■ z — 1 0 

Li ration of main Tr?sseis 


•j 

iigated 

test animals 

i hr. daily for 1 rro. 

a* of ear aEC alr<? 

at of laidcl? of 

ear. 

rr ! 

1 

11 sated control 

■Pressures: -30 -10 

,Verv comndete iigation of 


•> 

ligated 

test animals 

’ 1 lir- feOv 2 IDO, trep.t- 

k 

rasin braii^bfts at 

-Dsvelupir.?!;! of gan.grere 
on ir?sat6’C Hfd? 1 to 2 

ait^?r Httart oi 
•; yy^rmgT'T- 


The individnal animals trresente'i the normal (ear,j circulatory naitem icr 
rabbits, i-e., a eentrai artery and rvo marginal brarcLes, one mesial and ore lateral. 
These ramity profusely and anastomose verj ireeij so that an intimate tascniar 
nettrork is formed. The reins closely xiaraHel the arterial side of this svsterr. 

Pfip^Tstion of .f — A tbrOTgh-arMt-tnrc'uah- mass littatnre ~zs made at the 
base of the ear around each of the main Tessels until tLsv ceased to nnlsste. mbs 


tietized vith ether prior to the oneration. 


^T=*55cSil iXs’* 




'Ifiyzlcsl Tbers??' the 
Ic*5pftai, Torh, 2^^ Y. 
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to elapse to permit thrombosis and organization of the thrombus, as well as sub- 
sidence in the local reaction to the ligatures. 

Methods of Siiidy.—l, Surface reactions, i.e., changes in skin temperature, color 

and tissue necrosis, were observed daily. 

2. Vascular changes were recorded by means of photograpMc and arteriographic 
studies. For the former, the animat was placed in a box ndth a sliding cover 
so that only its head projected above the surface. Back of the ears and supporting 
them was a thick rectangular glass jar filled ndth water. Tlie ears were kept together 
by a small piece of adhesive plaster. With illumination coming through the glass 
jar from behind, the vascular tree was shown up very effectively, and the heating 
effects eliminated. The usual photographic factors of exposure time, aperture, dis- 
tance of object from lens, and illumination were kept constant. For the arterio- 
graphic studies, the animal was anesthesized with ether. A rubber tourniquet was 
placed tightly around the abdomen just below the costal cage to cut off the blood 
supply to the lower half of the body. An intracardiac injection of .3 c.c. of thoro- 
trast was made under sterile precautions, and x-ray films of the ears were taken. 
The anesthesia and the intracardiac injection could be repeated within a few days 
without danger, hlany of the animals received as many as 5 or 6 such treatments. 



Fig. 1. — Apparatus and position of animal during treatment. 


At the termination of each experiment tlie animals were killed with ether, and a 
dissection of the neck organ was made to isolate the carotid arteries. These were 
injected with a solution of thorad (1:1 dilution) to which had been added a few 
drops of methylene blue, the latter to show when filling of the arterial tree had been 
completed. 

Treatment by passive vascular exercise had to be adapted to the experimental 
animal. Fig. 1 illustrates the setup. A rubber cuff was placed loosely over the 
ear of the animal so that the soft rubber sponge base rested snugly against the 
side of the skull. Compression of the vessels mechanically by the cuff was therefore 
eliminated. A rubber cork was inserted into the external ear so that pressure changes 
would not be communicated directly to the internal ear. The cuff -was attached to a 
glass cylinder which in turn was connected to the "boot” by means of a piece of 
glass tubing, 

OBSERVATIONS 

The ears of a rabbit are a very sensitive indicator of the bodily reac- 
tions dne to internal and external stimnli. They may droop or be 
erected instantly, and a process of alternate blanching and flushing 
goes on constantly for variable intervals. When a normal ear is sub- 
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jcetod to passive vaseular ti-eatnieni (-30 -10 mrn. Hg) for a lialf hour 
or longer it becomes definitely cyanotic and is cold to the touch. The 
imtreated ear does not become cyanotic and remain.s warmer than its 
treated mate. Increasing the i)rc,ssurc to -80 -20 mm. Hg produces 
a proportional increase in the intensity of the cyanosis and the coldness 
of the ear. The higlier the initial pre.ssurc the more rapidly are these 
changes ]>roduecd. Wlien treatment is slopped, the color and skin 
temperature of the ear return very quickly to noi-mal within a few 
minutes. ^V^len ears of ligated animals arc subjected to the same treat- 
ment, the surface changes in general are similar to those above.* How- 
ever, there is a quantitative difference — the cyanosis is more intense — 
a definite blue or even a slate graj". In addition, the return of the 



Eip. 2. — Intifii.se cynno.'ils of In.'otci] y.-ir. notice Wunin;t of tlie Inrsor 

ati'l spiir.-oncss <if .MiKillvr braiiclici!. 

treated ear to its resting state may take from fifteen minutes to several 
hours. Cyanosis is last to disappear; the return of the skin temperature 
is more rapid (Fig. 2). 

Immediately after the ligation of the main vascular trunks, the ear 
becomes cold, white, and lifeless. "Within a few days it begins to return 
to the nonnal state. Although there are no longer any pulsating ves- 
sels, the car feels warm and flushes as readily as it does normally. The 
large vessels are definitely narrowed but there is present a marked 
increase in the number of smaE collateral branches. This is best ex- 
emplified by the following arteriograms: Figs. 3 and 4 on a normal 
control. Figs. 5 and G on a ligated control. In the former, the vascular 
network follows a definite pattern; branching and sub-branching occur 
regularlj' and the vessels themselves are of unifonn caliber and smooth 


•In the iUu.strations, the treated ejr v.-ill always he found to the left. 
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Arteriogram (in viti’o) of a normal control. Vessels are smooth in outline 
and subdivisions occur regularly. 






Fig. 4. — Arteriogram (post mortem) of a normal conti-ol. Sub-branching more clearlv 

visualized. 1 
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Arteriograrn (in vitro) of a Uprated control. Marked increase In number 
of collateral vessel.s. 


iig. 6. — Arteriogram (post mortcni) of a ligated control. Notice tortuo»it>-, aimles.= 
ramifications, and irregular outline of the collateral vessels — also the bridging of the 
vascular obstruction by groups of small branches. 
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Fig-. 7, — ^Arteriograin of ligated test animal. No vessels are visible on the treated 
side. Those on the untreated side are markedly narrowed, and but fe-w of the smaller 
vessels are visible. 






'i',V ’ ■' '-i' 








Fig. S. — Eaj-s of the same animal after exposure to a radiant lamp for five minutes. 
Vessels are beginning to appear on the treated side although they are still narrowed 
and very few collaterals are seen. Notice the marked dilatation on the untreated 
side and tlie increase in vascular branching. 





tig. 10. — ^j^rtcrlograin (post mortem) of the .same rabbit. The collateral circula- 
tion i.s quite extensive and approximately equal on treated and untreated sides. In 
spite of this, necro.sts has taken place in both ears. 
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outline. In the latter, the Te.ssels are tortuous, ramify seemingly aim- 
lessly and are markedly increased in numher. This, as has been shown by 
Allen and Camp,’- is characteristic of collateral circulation. 

"Wlien the ligated ear is subjected to passive vascular exercise, several 
important changes are seen in the arteriographic plates. There is 
either no Ming or only incomplete filling vdth thorotrast on the treated 
side. In other words, the lumina of the vessels are so narrowed that 
the injected material is unable to pass through. This is possibly the 
result of a vasospasm and may last for a period of several hours. As 
a haatter of fact, even the other ear in the same animal exhibits a cer- 
tain amount of narrowing of the vascular tree and a sparsity of col- 
lateral vessels. These changes may also be due to vasospasm, in all 
probabilit}- a reflex response (Pig. 7). Tlie spasm or closure of the 
arteries can be overcome to a certain extent by the application of radiant 
heat just prior to arteriogi’aphy. Fig. 8 shows this. Although the 
vessels on the treated side are still narrow and spastic and the collateral 
circulation still very sparse, yet the lumina liave dilated sufScientlj* to 
admit the thorotrast. The vessels in tlie control ear in the same animal 
are widely dilated, very broad in ealilier, and there is an abundance of 
secondarj^ branches. 

In the last group of animals which we subjected to ligation at dif- 
ferent levels, we produced closure of the large mssels for almost three- 
quarters of their length. This meant that extensive collateral circula- 
tion would be needed to keep the ear alive. In the first rabbit, eight 
days after the start of passive vascular exercise and tAvo weeks after 
ligation, the treated ear began to show an area of necrosis at the tip. 
Treatment Avas continued, hoAA'ever, and the area of necrosis became more 
extensive and finally began to involve the tip of the other ear. In the 
other test rabbit a similar condition liegan to appear in the treated ear 
about fifteen days after treatment, and then in tlie otlier and untreated 
ear about one Aveek later. The control animal, Avhich Avas also ligated 
in the same Avay but received no treatment, exliibited no such changes 
throughout the experiment. Tlie gangrene kept spreading in the test 
animals in spite of treatment (Pigs. 9 and 10). Post-mortem arteriog- 
raphy shoAved extensive collateral circulation present in both ears, 
both on the treated and on the untreated sides. 


DISCUSSION AND SUAiaiARV 

In our rabbits, simple ligation of the ear vessels proAud to be a 
potent enough stimulus for the dcA’-elopment of collateral circulation. 
Arteriographic studies on the living animal sIioaa' tliat extensive branch- 
ing occurs Avithin a fcAA- days. In the liuman being an analogous condi- 
tion occurs after acute closure due either to tlirombosis or embolism of 
a large artery. If the collateral circulation dcAulops AAuth sufficient 
rapidity and to sufficient extent, the tissue iin-olved aaIU be saA-ed. This 
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occurs Avitlv some frequency oven willioiil. llierapy, and makes one feel 
a trifle skeptical of the brilliant therapeutic results first recorded %vith 
suction-pressure treatment. As a matter of fact, the literature in the 
past year is of a rather equivocal nature, .sojnc authorities going so far 
as to state that passive vascular oxorci.se ivill “not produce ro.sults v.-hich 
have 7iot been produced by simpler methods/’' and that “^vhen good 
results do not follow olhei’ mea.siires, ])as'.sive va.scular exercise is usually 
valueless. ’ " 

In these experiments, which of eour.se were done on rabbits and not on 
human beings, we can say with c(U-fainl.y that ])a.s,sivc va.senlar exercise is 
not only superfluon.s, hut haianful. It produce.s cyanosis and va.sospasrn 
wliich pei'sist for honr.s; anrl as treatment is continued, the eon.stant 
detmivation of 1,he lisstics of their i>lood ju'odnces aii anoxemia which 
results in necrosis. It inn.sl he emphasized that this sequence of events 
progresses rapidly in spite of treatment and in face of an abundance of 
collateral vessels. 

J^OTH. — I widi to tiemt; Dr. Knrl llarpsider, .'ittondinj; iiliyfiicnl thcnip>.“t to tb*? 
^^ontcfio^e Hospital, wlio.^o gniidaneo arid riS!:i.<itanco riiado possildo tlie-'c cxpcrimentF. 
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COMPLETE AURICULOVBNTRICULAE BLOCK AND 
AURICULAR FLUTTER WITH OBSERVATIONS OP THE 
EFFECT OP QUINIDINE SULPATE«= 

Leonard F. Jourdonais and Herman 0. Mosenthal 
New York, N. Y. 

/COMPLETE aurieuloventrieular block occurs frequently but it is 
not often associated with auricular flutter. A search of the litera- 
ture reveals only 29 authentic eases. The comparative rarity of this 
condition and the observation of some unusual findings following treat- 
ment until quinidine sulfate are the reasons for tliis report. 

The first reliable description of A-V dissociation accompanied by 
auricular flutter, was made by Jolly and Ritchie^ in 1911; electro- 
cardiograms and venous pulse tracings were shown. Hertz and Good- 
liart^ in 1909 reported a young girl with auricular flutter in whom the 
ventricular rate fell to 44, after digitalis ivas administered; no electro- 
cardiograms were made. Keating and Hajek" made the first reports in 
this country. Subsequently, Willius,^^ Strauss,^” Gager,^" and Parsonnet 
and Parent-® published similar eases. Recently Routier-® described two 
eases and summarized those premously recorded, 

A survey of these cases (Table I) suggests classification into three 
types: (1) auricular flutter developing complete block after digitalis; 
(2) complete block developing flutter when given atropine, digitalis, 
and in one ease after the advent of hjqDerthyroidism; and (3) the 
spontaneous occurrence of block and flutter. Our patient was of the 
last type and probabN was first afflicted with heart-block which was 
subsequently complicated by auricular flutter for no apparent reason. 

OnU four of the 29 cases reported occurred in females, a somewhat 
smaller percentage than is found in heart-block alone. The ages varied 
between thirteen and seventy-four year's, with 66 per cent in the sixth 
and seventh decades. The etiological factors were those characteristic 
of uncomplicated A-V block, namely, arteriosclerosis and coronary dis- 
ease in most instances, until three cases of s^T)hilitic heart disease and 
one each of rheumatic heart disease, congenital heart disease, and 
thyrotoxicosis. Of the 29 eases, in only eight was the auricular flutter 
rhythm restored to sinus control, five with quinidine, two with digitalis, 
and one following thyroidectomy. Quinidine failed to restore the sinus 
auricular control in one case where it was tried. A summary of the 
published cases is given in Table T. 

•Prom the Department of Medicine. Netv Tori; Post-Graduate Medical SchooJ and 
Hospital. 
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JOTJRDONAIS A2sD MOSENTHAl. : . AUKICULOVENTRICULAR BLOCK 739 

CASE REPORT 

Italian, male, aged sixty-sLx years, formerly a restaurateur, complained of short- 
ness of breath and weakness of two months' duration; a physician had advised 
him that he had "heart trouble.” There was no liistory of previous illness. Two 
years previous he saw a doctor because of a ^^cold” and was told that his liver was 
enlarged. hTothing was said about liis pulse and no medication was given. 

Two months before admission, he had undergone considerable nervous strain and 
at that, time he first noted a slow pulse. He suffered from progressive shortness of 
breath, palpitation, and dizziness. Because of these symptoms he was forced to sell 
his business one month before we saw him. ilore recently there had occurred some 
swelling of the ankles, loss of appetite, and epigastric discomfort after eating 
starchy food. He had lost twentj^ pounds by dieting during the past year. Other- 
wise the historj' was negative. 

Physical Examination . — ^Revealed a rather obese male (25 lb. overweight for 
height and age); weight 190 lb.; height 5 ft. 8 in.; with evident respiratory 
distress; skin showed a slightly yellowish tinge; the mucous membranes were slightly 
cvanotie; eyes were negative except for subicteric sclerae; the pulse was 36, and 



Eig. 1. — Auricular flutter, rate 270 ; complete heart-block; ventricular rate 36; trac- 
ing made before any treatment was given. 


regular; the blood pressure was 178/62; there was slight distention of the jugular 
veins but no abnormal pulsation was observed; examination of the heart revealed 
diffuse enlargement wliich showed by the orthodiagi-am an M.R. of 7.5 cm. and 
an M.L. of 11 cm.; the heart tones were distant and muffled, with a systolic and a 
diastolic murmur at the apex, aortic area, and in the third interspace to the left of 
the sternum; the lungs showed emphysema but there were no signs of congestion or 
of fluid in the pleural spaces; the abdomen was negative except for the liver wliich 
was five cm. below the costal margin but not tender or pulsating; there was sliaht 
edema of the ankles. 


. erythrocytes, 4,800,000; leucocytes, 

4 200; with a differential count of: neutrophiles, 45 per cent; lymphocytes, 48 per 

^ myelocytes, 2 per cent. Brine: specific gravity 

1.020, protein graded three plus to a slight trace in several specimens; a few hyaline 

Tirfl "" to the high-power field. Wassermann reaction: negative 

examination revealed slowly beating ventricles and a moderate 
gobular enlargement of the heart; flutter of the auricles was not visualized Tbe 

demonstiated an auricular flutter with an auricfflt 
a comp e e A-V dissociation with a ventricular rate of 36 (Fig. 1 ). 
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Clinical Cour.c.~Tha. patient v.-as l.ospifaHw4 and hi. pro«rc:-s follova-rj .eith 
daily electrocardiograms. During ho.pitalir.ation the weight droj.j.ed to 1/1 Ib„ a 
loss' of 19 lb. Salvrgan 1 c.c. by intraimiseular injection was used on two occasions. 
Digitalis, 7V> grains total, was -iven on the second and third dtiy in the hospital. 
The digitalis” was then discontinued and on the fifth day, quinidinc sulfate was ad- 
mini-stered. Quiuidinc sulfate was given to tolerance on several occasions; October 
10, the fifth ho.spital day, he recr-ived SI grain,, of quinidinc isuUatC, and on the 
following day, 30 grains' when lie developed nausea and gastric, distre.^s; at this 
time the pul.‘=c rofo to 40 and an electrocardiogram showed a iicr.-^istent flutter with an 
auricular rate of 130 (Fig. 2.t). On t!ie next day, October IS, quinidinc sulfate, 
grain.? IS, was given when the patient again developed gastric di.stre.s.** and headache; 
the piil.‘^e'ros;e to oS on tiiis day. The following day, October If, quinidinc. .sulfat/-, 
grains 24, was given; the pulse increased to 52 and an eloctroenrdiogram .^unved a 
restoration of .sinus rhythm with a first stage heart -bloch, the P-It interval l/eing 


0.72 seconds < I'ig. 2/1). Quinidinc was continued for two more day,, in small doses 
and then withdrawn. In all, 109 grains of quinidinc sulfate were given in four 
davs. and 127 in six ilays. Kloctrocardiogranis at variotis intervals for nearly .seven 



. FIS'- 2. — Stiowinpr re.spon.se to auinStlinc. .4, slov.- nuUer utter C7 stains of ouiniOtne 
in two Onys: V, re.s-toration of sinus rJijDim wit?/ first .stnse hearl-hlocU afte-r lOS 
grains of quinidinc in four days; C, complete A-V di.'oociation wliich persisted after 
quinidine a-.o-s di.=conUnued. 


months since that time, show a return of <'r/iitplete .V-V dissoeiati/m with an auricular 
rate of 02 to OS and a ventricular rale of 32 to 30 (Fig. 2C). Under the influence 
of quinidinc there was a eomstant increase in pulse rate — on one occasion to 00 per 
minute. When the drug was withdrawn (he pulse beat returned to the OTigimal 
rate, 30 to .3S (Fig. 2C). The blood prc.».sure dropped during quinidinc administTa- 
tion. from 190/00 to 130/05, but after discontinuing the drug it ro.se to 100/00 at 
which level it has remained nji to the pre.-^ent lime. 

COM-llEXT 

This ca.se of comxtlete auviculoventvieular block and nnrieular fluKer 
developed several interesting changes on quinidine therapy. These 
were : 

(1) Slowing of auricular flutter rate. (2) Increa.se in ventricukir 
rate. (3) Re.storation of sinus rhythm, with first stage Iflock. (4) 
Return of complete A-Y dissociation witii normal auricular I’ate. 
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, 1. Reduction of the ^ auricular flutter rate from 270 (Fig. 1) to 130 
(Fig. 2A) was observed as an effect of qiiiiiidiiie, wliicb is loiowii to 
depress the coiidiictivity of tlie auricles, ventricles, and bundle of His, 
and to lengthen the refractory period of the muscle. Levine^° states 
that quinidiiie therapy may reduce the auricular rate while the fluttei 
still persists, as was noted in this case (Pig. 2A). DeBoei"® explains 
the abolition of the circus movement by quinidine as a result of de- 
pression of conductivity, lowering rate of impulse formation, and 
lengthening of refractory period. He believes that an increase in the 
refractory period at first establishes the circus movement more firmlj', 
but when the muscle is made more refractory by quinidine, the circus 
movement may then be blocked. This reasoning may apply in the 
present ease as an explanation for the reduction in the auricular rate 
to 130 by quinidine (Pig. 2A), even tlioiigh the flutter persisted, as 
well as the subsequent estal)lishment of sinus rhythm with an auricular 
rate of 48 (Pig. 2B) . 

2. lucr ease in ventricular rate frequently results from quinidine ad- 
ministration. Levine^® and White^^ observed that the ventricular rate 
may be either . slower or accelerated by quinidine. White believes that 
when the rate of the auricular circus movement diminishes, the A-V 
conduction improves. This assumes the presence of a physiological 
block only, which usually pertains to auricular flutter. The improve- 
ment in A-V conduction occurs despite the fact that quinidine depresses 
the conduetivit 3 ' of impulses through the bundle of His, The increased 
ventricular rate was manifest on several occasions when the quinidine 
was given to the point of intoxication. An electrocardiogram was ob- 
tained on one occasion when the ventricular rate was 48 (although at 
one time the pulse increased to 60). Electrocardiographic tracing re- 
vealed a sinus rliji^hm with a first stage heart-block (Pig. 2B). 

3. Restoration of simis rhythm- ivith first stage hloch. in our patient 
was obseiwed on only one occasion (Pig. 2B) and has been referred to 
in the previous paragraph. Complete auriculoventricular block re- 
curred when the quinidine was diseontinued (Fig. 2C). A persistent 
restoration of sinus, rhythm ^Yas found by Schott,^ Gallemaerts,^ and 
Gager.^"' A first stage heart-block wnth a P-R interval of 0.24 second 


was reported by Gager the P-R interval shown in our tracings was 
0.72 second (Pig. 25) ; this is exceedingly long though Herrmann and 
Ashmam® note one case with a P-R interval of 1.01 seconds. We feel 
that the restoration of sinus mechanism which occurred temporarily 
was due to marked; slowing of the auricular rate to 48, which permitted 
impulses from the auricles to pa&s through the A-V node. This may 
le construed as evidence that there are conducting fibers present wliicli 
are capable of transmitting impulses at a slow rale; however, when 
he auricular impulses reach the A-V node in rapid succession the node 
capable of accepting and transmitting them,- it becomes refractory 
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Thus when the auricular rale is that of flutter or even a normal rate 
of 70, the A-Y dissociation is complete. We may,^ therefore, conclude 
that a physiological as well as an organic heart-block is present. 

4. BeUmi of compleie limrt-hlock vjilh normal auricular rale occurred 
upon withdrawal of the quinidine sulfate and the subsequent return of 
the auricular rate to 70 (Fig. 26’). TJiis conduction mechanism defect 
has remained constant during a period of six months’ obscr%’ation, in 
which the ventricular rate is found to persist at 36 to and the 
auricular rate at 68 to 70. Since there have been no s>mcopal attacks, 
no real effort has been made to increase the ventricular rate or to employ 
any medication designed to deei’case the block. We have hesit?itcd to 
use large doses of atropine inasmuch as the ])atients reported by Jolly 
and Ritchie,^ Soulie,-’ and Bizzozero,-’ developed auricular flutter after 
atropine was given. These patients previously had complete heart-block 
uith sinus auricular control. However, on one occasion a .small do.se 
of atropine sulfate, grain ’/t.-. 'vas given. Curiously at this time an 



Fig. Z .- — Showing the effect of 1/75 grain of atropine Fulfatc on ectopic ventricular focus 
A, before the injection of .atropine; B, thirty niinutc.c after injection. 

electrocardiogram taken before admini.stration of the drug indicated 
that the ventricles had assumed an ectopic focus (Fig. ZB). This de- 
gi-ee of control by an ectopic focas has not been noted in sevei*al trac- 
ings made over a subsequent period of seven months. Thus the restora- 
tion of A-Y rhythm control after atropine may have been coincidental. 
Levine .states that ati-opine abolishes ectopic beats by increasing the 
heart rate through removal of the vagus effect. observed no in- 
crease in ventricular rate despite the partial abolition of the ectopic 
focus. 

.SDAIMARY 

A case of .spontaneous, complete auriculoventrieular block a.ssociated 
ivith auricular flutter is reported. Treatment with quinidine reduced 
the auricular rate one-half and later resulted in restoration of the 
normal auricular rate with transient fir.st stage heart-block and subse- 
quent return to persistent, complete auriculoventrieular block. Elec- 
trocardiogram.s after treatment with quinidine are shown and discu.ssed. 
This combination of cardiac irregularities is rare and aspecially so 
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when, niider treatment with quinidine, it goes through the stages of 
slow flutter, slow sinus rhythm with flrst stage heart-block and Anally, 
return of complete heart-block. 
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A CASE OF TKICTISril) STENOSIS WITH ENOIiMOfJS 
DILATATKJN OF THE HIOHT AUIUCLIi* 

Bakuktt li. Taussuj, ^I.D. 

St. Loris, Wo. 


T ricuspid .stenosis oan no longer- 1)0 oonsidoro/l n very Taro oondi- 
lion. About 2bn cases have booi report isi in tin; litornttiro' atnl it 
seems pi’objible that, thero have been other eases <Uagno;-:e)I finring life 
or at post-mortem examiimtiou which have not lieeti reported. 

There liave been two eases at Banies Ho,sj>itaI with a dintnifwis of 
trieusiiid stenosis cstiiiilisliofl by autoj)sy litnlings from a to|;il of 2,728 
antopsie.s during llic years 1914 to ltV.17. f)ne was tl)!; rase of a Sorty- 
one-year-old white woman with the u.stml .synijjloms of dyspnea, orthoj)- 
nea, de]jendent edema, ascites, iind eyanosi.s for abovtt one y<;ar ijcfove 
deatli. There was a history of rheumalie frver tvlien she was twenty- 
nine years old. At iintopsy there was dilatation of all the chambers of 
tiie heart. Tlie mitral and tricuspid orifices were emdi so nurrowcfi 
that only tiic tip of the little finger could be admitted. 

The other patient ])rc.sentod such umrsual findings that it is eon- 
sidei’ed wortltwlnh; to ro]>orl it in .some detail. 


CASH UEI'OKT 

C, A. S., a forty-tliree-yoar-oltl wliito woman, was .'olinittcl tri BariiiM Ho^piOil 
four time.s and avuk observed over a period of more tlian two year?. Her ptml hi«-tr.rv 
revealed neitlier major nor minor manifoMalions of rhenmatie fe.vcr. Slip had a 
congenital kyplm.^is and .‘■colio.-is of an extreme degree. An attach of tyjdioid fever 
at the age of tliirty-one year.« liad been followed by an iinevonlful recovorv. She 
married at the ago of twenty and had two healthy ehildren. During her first preg- 
nancy a rigiit-sided femoral hernia developed. A contralateral fenmnil iierriia 
appe.arod during the second pregnancy four years later. 

Symptoms of eirculatory difficulty were first noted at the age of thirty-one follow- 
ing an operation for rexiuir of the bilateral hernia. She recovered with difficultv 
from the anesthetic, and for tlie ne.xt two years stiffcred from fretpieni nttaelcs of 
fainting. These finally dj.^appeared, but after three years of apparent good health 
she noticed a gradually increasing .•^welling of her ankle.s and dy.«{inea on exenion, 
She was found to be pregnant and was aborted at .‘=even months. Following this 
epi.sode her face, legs, and abdomen started to swell, and other signs of cardiac 
failure made their axipoanince. Green jiills were tidministered on several occasions 
by her physician, and once an abdoniinsil x'anieentesis wu.s perffirined wTiich yiebpsl 
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two gallons of greenisli fluid. Dyspnea, edema, and palpitation continued ; later, 
orthopnea, cyanosis, and expectoration of bloody sputum were noted, and the patient 
entered Barnes Hospital in January, 1934, for treatment. 

Physical examination revealed an undernourished woman sitting up in bed and 
severely dyspneic. She was intensely cyanotic. Her spine was deformed by an 
extreme degree of Icj-phosis and scoliosis, and the lower portion of the sternum was 
depressed. The superficial veins of the chest and abdomen were distended. The 
jugular veins were greatly distended, but did not pulsate. Both lung bases were 
dull to percussion and were filled with moist rales. Tlie heart dullness extended to 



Fig. 1.— Postero-anterior roentgenogi-am of the chest showing tlie i 

of right- and left-sided enlargement of tl^ ifeart! degree 

the axiUary line in the fifth intercostal space on eitlier side Systolic o-nd v i v 
murmurs >vere heard over the entire precordium, loudes at' the ° 

ustelie thrill could be feit euer theVeeordiu; Z 
.eeond pulmome sound was soft and faint. The auricles were in dhr’ii "+• m 
blood pressure was 130/70. The liver was nodular extended to 
Jid not pulsate. There was no ascites or pitting edema of ttfe W " and 

large reducible femoral hernia was presentL the left. extremities. A 

tion was'performed. Sbralmos^ex-iflrSTrl^^^^^^ immediate opera- 

subscuent post-operntiue course was unerentfui. Foiio 
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conHiderable improvemeBt in ^ 

trolled to Home extent by On one occasion one obscr^r ' 

three times for symptomatic treatm . confirmed, and m general there 

the liver could be i^^t to pulsate, but t ^ 

was no change in the physical ® the chest findings ^vere cssentialb 

1930. Eespiratory embarrassme ■ ' ^„jth fluid, and no organs could - 

as before. The abdomen ti.at it «-as felt advisable to perform 

felt The patient nms m such great oi..ir. 



In 


a paracentesis. Fifty-five hundred cubic centimeters of very dark bloody fluid were 
withdravm from the abdomen- TTie patient coqiired shortly aftenvard- 

Dnring the period when the patient was under obserration the ’^^’oratory^and 
fluoro^opic findings changed but little. There was a moderate anemia (red blood 
corpuscles numbered 3,500,000 with hemoglobin 07 per cent); the urine ,vas negative 
and the blood Kahn was negative. The blood nonprotem nitrogen, caCum ^^d 
nhosnhoms were within normal limits. Electrocardiograms showed auricular fibnlla- 
Ln slurring of the OES complexes, right axis deviation, and a negative D.euaide^s 

thP lateral chest wall on either side and increased lung markings. On fluoro.-cyv 
S; LglT of tte l.«rt «»H .ot ba Haaa t, pd.a..; .hare -.as a p.atanor 
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mediastinal' space. Venous pressures by direct measurement were 12 cm. and 20 cm. 
of water on two occasions. Tlie A’clocity of blood flow, as determined by the decholin 
method, was 20 seconds and 28 seconds on two occasions. Because of the possibility 
that there was a massive pericardial eflusion a needle was introduced 2 cm. anterior 
to the right mid-axillary line and 1 cm. into the thorax, and pure blood was with- 
draiyn. Oxygen content determinations showed this to be venous, and established 
the fact that the needle had entered the right auricle. 

^ Relevant post-mortem findings— Rost-mortem examination disclosed an emaciated 
middle-aged woman with pitting edema and reddish-brown discoloration of the lower 
extremities. There was an extreme scoliosis of the thoracic spine to the right. Two 
liters of blood-tinged fluid were foimd in the peritoneal cavity. All the vessels of the 
peritoneum were engorged. The pleural cavity contained no excess fluid and no 



Fig. 3. — The endocardial surface of the right auricle with the stenotic tricuspid 

orifice. 


adhesions. The pathological diagnoses were : (1) chronic rlieumatic (?) endocarditis 

of the mitral and tricuspid valves with insufficiency and stenosis; (2) adlierent 
pericardimn over the right auricle only; (3) enormous dilatation of the right auricle; 
(4) scarring and hypertrophy of the muscle fibers of the right auricle; (5) slight 
dilatation and hypertrophy of the right ventricle; (6) partial pulmonary atelectasis 
(compression); (7) ascites and edema of the anldes; (8) congestion of the liver, 
spleen, and peritoneal tissues; (9) marked scarring of the liver; (10) scoliosis of 
the thoracic vertebrae; (11) slight aortic atherosclerosis. 

Seart: The heart and pericardial sac occupied most of the chest cavity and 
completely Ind the lungs from view. The pericardial sac was found to be adherent 
over the right auricle with the exception of the appendage and an area adjacent 
to It. There jere no mediastinal or pleural adhesions, nor was the pericardium 
adherent over the other chambers of the heart. On removing the heart from the chest 

thrrds normal thickness, but it must have had a great increase in substance since 
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it was not strikingly thin in spitu o£ its great size. TJicro were smooth vvliito plaques 
in the endocardium lining the aurirailar appendage which wore probably old organized 
thrombi. The endocardium was .somewhat thickened and opiaqiie toward the edge 
of the tricuspid ring. The capacity of the rigid auricle was 2,lb0 c.e. The right 
ventricle was only a little larger than normal, and its wail was of about normal 
thickness. It had a capacit}' of about 100 c.e. The left auricle was neither dilated 
nor hypertrophied ; its contents measured 95 to 100 c.c. The endocardium above 
the mitral valve was opaque, but there was no definite auricular j>atch of rheumatism. 
The left ventricle was of normal .size. The trieu.«pid cus]>s were fused, forming a 
rounded opening with moderately thick and retracted edges Achich measured 7 cm. 
in circumference and Avere incapable of closing. The chordae fendinae Avere thick- 
ened. The mitral vah’e A\-as thickened and retracted so that the division into cusps 
was no longer apparent. Its circumference aa-us 5 cm. The circumferences of the 



pulmonary and aortic vah-es Avere 10 cm. and 7.75 cm. rcspectiA'ely. They Avere 
normal in appeannice. The heart AA’eighed only 505 gm. in spite of the tremendous 
right xiuriele. 

On microscopic e.xamination the bundles of muwde fibers of the right auricle 
AA-ere greatly hypertrophied and AA'cre interspersed AA-ith vascular and cellular con- 
nective tissue. In some places there vA-cre only thin .strands of interrupted hyper- 
trophied fibers. The nuclei of the inu.=ele fibers Avere large and hypercbromatic. 
There Avas a moderate hypertrophy of the muscle fibers of the right Acnfricle and 
left auricle and none of the left ventricle. Xo Asehotl bodies Avere seen. 

Lungs: The lungs Avere compressed and lay posteriorly to the heart. There aa-bh 
a partial collapse of the loAver loljcs, especially of the left. They showed a sur- 
prisingly small amount of conge.stion. On section there AA'cre seen alternating 
areas of collapse and OA-erdistention of the alveoli. Some of the partially collapsed 
areas showed a little blood in the alveoli. The pulmonary artery shoAved no intimal 
changes. 
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Liver: The liver was smaller than noimial, weighing 1,285 gm. The surface was 
irregularly nodular, and variation in the size of the nodules was greater than is 
usual in. cirrhosis. The capsule was somewhat thickened, and the cut surface was of 
a deep red color and tinner than normal, as if containing an excess of connective 
tissue. Although there w^ere some areas which were more congested than others, 
they did not seem to correspond to the nonnal central portions of the lobules, but 
were larger and less regular in arrangement. Little normal lobulation was seen. 
On .section lobules , with normal relations to central veins were distinguishable. In 
these areas the periportal tissue contained scarcely more connective tissue than usual 
and a few wandering cells. The sinuses about the central veins were widened and the 
liver cells atrophied. Other zones, however, showed wde communicating bands of 
connective tissue containing small bile ducts, a few lymphocytes and plasma cells, 
and occasional hemorrhages. Many such zones connected with the thickened capsule. 
. Spine: There was a marked curvature to the right which extended from the 
fourth to the tenth thoracic vertebra, and there Avas a maximum deviation of 6.5 
cm. from the midline. Microscopic section otTered no clue as to the etiologj* of the 
curvature. 

DISCUSSION 

The diagnosis' of tricuspid stenosis tvas not made in this case before 
death. . It was recognized, however, that the patient had an enormously 
distended right auricle, together with a left auricle which was little or 
not at all dilated. The aspiration of venous lilood from the right chest 
and the persistently clear posterior mediastinal space established this. 
Therefore, only those conditions which might lead to isolated hj^ier- 
trophy of the right side of the lieart were considered. Although Broad- 
bent’s sign and diaphragmatic tug were absent, the question of medias- 
tinopericarditis was raised on the basis of fixation of the cardiac shadow, 
a negative Dieuaide’s sign, the presence of periapical recession about 
the apex, and persistence of ascites after disappearance of edema of 
the lower extremities folloAving digitalization. A patent foramen ovale 
in the presence of mitral stenosis was considered in view of the enormous 
size of the right auricle and tlie presence of anotlier congenital defect, 
viz., the curvature of the spine. Against this was the soft quality of 
the pulmonic second sound and the long-standing cyanosis. Although 
tricuspid stenosis ivas considered, the failure to identify a diastolic 
tin-ill and murmur localized at the tricuspid area or other strictly 
characteristic signs prohibited a definite diagnosis. 

Tricuspid stenosis may be either a congenital defect or the result of 
rheumatic heart disease. In the majority of cases, hoAvever, it is due to 
the latter^ even m the absence of a history of frank rheumatic heart 
disease. Often enough one can elicit a history of “minor rheumatic 
manifestations” described by Kaiser.^ In the case reported above there 
is considerable room for speculation in regard to the cause of the heart 
lesions. The absence of a history of rheumatic manifestations of any 
sort; the presence of a congenital spinal deformity, a condition occa- 
sionally associated with congenital heart lesions; and the smooth and 
rounded appearance of the tricuspid valve instead of the irregular 



750 


Till-: AiO^mCAX riKART -JOURNAL 


cicatrization characteristic oi; endocarditis* are in favor o£ the con- 
genital origin of the condition. On the other hand, tlie absence of a 
deficient auricular septum (an almost incvitahle consequence of con- 
genital right heart valvular ohstruction^ ) and the appearance of cya- 
nosis in adult life rather than in infancy offer almost unequivocal evi- 
dence that the cardiac defects were acquired. 

The possibility that the sijinal deformity acted as a contributing 
cause of the changes in the heart is difficult to evaluate. In eases of 
e.xtrcme kyphoscoliosis there is often diminution of the pulmonary 
blood stream and compression of the great vessels. As a result of this 
considerable sti’ain is throvn on the ventricles, which become secondarily 
hypertrophied and dilated."' In view of the fact that in this case the 
changes in the ventricular myocardium were comparatively insignifi- 
cant, one may conclude that the effects of the chest deformity on the 
heart were minimal. 

Patients with trieaspid stenosis not uncommonly live for many year's 
after the appearance of evidences of congestive failure,*"' a fact well 
exemplified by this patient who suffered for ten years with an almost 
continual state of cardiac decompensation. In spite of an extreme 
mitral stenosis the left auricle was of normal size, and one must believe 
that the left heart was .spared at the expense of the right and that the 
right auricle acted as a reservoir from which blood was not admitted 
to the right ventricle and left heart with .sufficient rapidity to cau.se 
hypeifrophy or dilatation. For this reason the pressure in the pul- 
monary vessels was low, the second pulmonic sound was soft and faint, 
and pulmonary congestion was not a prominent feature. The increased 
pressure was apparent chiefiy in the peripheral venous circulation and 
.symptoms of extreme edema and ascites were prominent throughout the 
course of the disease. Tlie circulation was slowed sulficienth' to result 
in intense cj'anosis. Thus, patients with this condition have a longer 
life expectancy than those with uncomplicated mitral stenosis because 
the heart is relieved of the strain at the expense of the peripheral 
vascular system. 

Tricuspid stenosis most frequently occurs in a.ssociation with mitral 
steno.sis.‘ A .study of the repoifcd cases in which these two le.sions 
were a.ssociated reveals a striking diversity in the state of the heart 
chambers in the presence of a certain uniformity of the vaUmlar lesions. 
For example, in most eases there is some dilatation of the right auricle, 
but often all the chambers show dilatation and h> 7 >ertrophy. Some- 
times the left side of the heait is more greatly affected than the I'ight, 
.sometimes the right more than the left. Farely Ihe right auricle alone 
is dilated^ (case 1), or the size of the chambers is essentially normal."* 
Griffith® has pointed out that i.solated steno.sis of the tricuspid valve is 
extremely rare, and remarks that in view of the fact that mitral stenosis 
often occurs alone one is led to the inference that tx’icuspid stenosis 
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is secondary to mitral stenosis. It seems logical to conclude, therefore, 
that the effect of the stenoses on the heart as a whole depends not only 
on the degree of stenosis, but especially on the time interval that elapses 
between the mitral and tricuspid affections. Thus, for example, when 
the left auricle is greatly dilated, it might be inferred that the mitral 
valve was narrowed for a considerable period of time before the tricus- 
pid; On the other hand, when the right auricle is especially dilated, 
it can only mean that the left side of the heart has been spared by the 
tricuspid lesion and that the mitral lesion antedated the tricuspid by 
only a short interval of time. 

In the case reported aiiove it seems likely that tricuspid stenosis ap- 
peared earty in the course of the endocarditie process with a consequent 
result of a huge dilatation of the right auricle together with approxi- 
matety normal-sized left auricle and ventricle. The great enlargement 
of the right auricle was undoubtedly enhanced by the long-standing 
fibrillation. The strain of the venous column of blood was thrown en- 
tirely on the passive walls of the right auricle which were unable to 
contribute to the forcing of the blood through the auriculoventricular 
opening. 

The liver presented a complex and somewhat confused picture. 
Grossly it showed the tjqiieal picture of the so-called “nutmeg liver” 
resulting from long-continued stasis with collapse and fibrosis, lilicro- 
scopic examination revealed a striking degree of degeneration and con- 
nective tissue infiltration, which corresponded to the final stage of ‘ ‘ col- 
lapse fibrosis” described by Lambert and Allison.® It is noteworthy 
that in spite of the protracted course of the disease and the advanced 
pathological alterations, the changes were not diffuse throughout the 
liver, but were much more prominent in some areas than in others. 
This variability has been noted by Lambert and Allison and other 
workers. However, hi this case the connective tissue increase was not 
confined to the regions aroiuid the center of the lobules, but irregularly 
involved the portal spaces. Here and there the connective tissue of 
Glisson’s capsule surrounded whole groups of lobules. Such a picture 
has been described as occasionally occurring in the “cardiac liver, 
but it is apparently not characteristic of this condition, and leaves some 
room for doubt whether aU the changes can be ascribed to clironic 
passive congestion, or whether, as has been observed in rare cases, some 
of the changes were the result of a true portal cirrhosis. 

SUMMARY 

A case of mitral and tricuspid stenosis has been described. Eemark- 
able was the huge dilatation of the right auricle while the other chambers 
of the heart were of approximately normal size. The probable cause 
of this isolated dilatation lias been discussed. Kemarkable, too, was 
the advanced collapse and fibrosis of the liver, which may have been 
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(liift onUrely 1o lojifr-conlimicd ('hrotiic*. jia-ssive conjicsliori or jiosHihly 
to n coinbinalioii of stasis aiul a Iruo portal cirrhosis. 
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BUNDLE-BRANCH BLOCK IN A NORMAL YOUNG MAN 


Courtenay Evans, M.D., j\I.R.O.P. 

London, England 

E PPINGER and Rothberger® were the first to demonstrate the char- 
acteristic electrocardiographic curves after section of a bundle- 
branch in dogs. Cohn and LcAvis^ shoAved the pathological changes in the 
hearts of four persons aa'Iio diu’ing life had the characteristic curves; tAvo 
of these hearts sliOAved a lesion causing a disappearance of the bundle 
fibres : and of the other tAvo one .shoAA’^ed increased fibrous tissue in the 
ventricular septum, AA'hilc the other had intact main stem and branches 
Avith obliteration of the smaller branches bA* connectiAm tissue. 

Bach^ has subdivided tlie clinical eases into three groups according 
to their etiology, cardiovascular degeneration, syphilis, and rheumatism. 

Von Deesten and Dolganos^^ add another group in AA'hieh the curve is 
of an atypical variety and the prognosis is good. 

. More recently Wood and his associates^- have published a folloA\’-up of 
64 similar eases. 

Wolffe, Parkinson, and White^^ de.scribe a fifth group occurring in 
healthy young people, prone to paroxj'smal tachycardia. They give refer- 
ence to a- ease of Wedd’s of a similar kind; Holzmann and Scherf^® de- 
scribed tAAm similar eases; Avhile Pezzi^® recorded three more under the 
heading ‘‘permanent paraseptal rhythm.” Chen Lang Tung® described 
another similar case under the heading “functional bundle-branch 
block. ’ ’ Sigler^' Avrote of functional bundle-branch block paradoxically 
relicA^ed b.A’ vagal stimulation. 

It is probably to this fifth group that the case reported here belongs. 

R. E., aged tAventy-one years, apparently in perfect healtli, applied for employ- 
ment, In tlie course of routine medical examination an electrocardiogram showed 
bundle-branch block of the uncommon variety (left bundle-branch block, old termi- 
nolog;^’) A\ith a short P-E interval. Careful questioning on two occasions revealed 
a history of chickenpox at tlie age of three years and measles at the age of five years. 
There was no history of rheumatic fever, chorea, growing pains, scarlet fever, or 
venereal disease. There had never been any shortness of breath or symptoms to 
suggest paroxysmal tachycardia. He was a moderate smoker. 

On examination he was well built and healthy looking. The heart was normal 
in size and shape clinically and radiologically. The heart sounds were normal. Blood 
pressure was 140/80, the arteries were soft. The pulse frequency varied between SO 
and 90 per minute, sinus arrhythmia was present. The remainder of the clinical ex- 
amination was negative. The effort test was Avry good, and blood lYasserraann was 
negative. 

, The electrocardiogram shoAved the following time relationships: 

P-T 0.5 second (Leads I, II, and HI) 

P-Q 0.1 to 0.12 second 
P-S 0.24 to 0.28 second. 
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compared witli the time rcktionsliipfi of a normal control 
P-T 0.48 second 
P-Q 0.18 .second 
PS 0.22 to 0.24 second 

compared witli a typical ease of Ijundlc-branch block 
P-T ().n2 .second 
P-Q 0.22 second ( P or -) 

P-8 0.20 lo 0.28 second. 

Considering the divergent views on the inli-aventrieuhTr block in these 
cases, tlic following tests were carried ont; (1 ) Effect of dcicp breathing, 
(2) Pre.ssure on the vagi, tir.st right then left, (2) Exercise, (4; One- 
fiftieth of a grain of sodium trinitrini i»y moiitli, (5) Onc-liundredth of 
a grain of atroitine .subcuta?ieoti.s]y. 

No change in the shajie of the curve, was noted in the first four test.s. 
Forty minutes after the injection of atropine there was a change in the 



shape of the T-wavc.s in Leads II and III, which became more marked in 
sixty minutes. Before giving atropine the T-wave was inverted in Lead 
IT, with a slightly diphasic wave, and deeply inverted in Lead III; the 
atropine caused a more vertical T-wavc in Lead If and a diphasic wave 
in Lead III; there was also a slight lengthening of the S-T period. There 
was no change in the P-R interval (which varied in difTcront leads from 
0.9 to 0.12 second) or of the QRS period which remained 0.12 .second, 
the P-waves increased in amplitude. 

It was not po.ssil)le to repeat the experiment with larger doses of 
atropine as the young man went abroad. 


mscu.ssiON 

Prognosis . — The significance of bundle-branch block is, according to 
King,^^’ very grave regardle.s.s of etiology, though it appears best in those 
cases of rheumatic etiology. King showed that of 104 patients, 76 w'cre 
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dead at an average of one year from the time of the discovery of the con- 
dition. He gives two years and eight months as the expectation of life 
in the rheumatic group. 

Bach gives a slightly better prognosis for the cardiovascular degenera- 
tive group, describing cases of fourteen, nine, and seven years’ duration. 
Graybiel and Sprague® record an average duration of one year and two 
months in 223 fatal eases out of 308 cases followed up. 

Yan Deesten and Dolganos in their at 3 q)ical group (QRS prolonged, 
R in Lead I of moderate amplitude and short duration, S in Lead II pro- 
longed and notched) , show periods of eleven and one-half, eight, and two 
and one-half j’ears, tlie patients being still alive. Wood and liis associ- 
ates gave similar findings. 



Pig. 2. — R. R., after atropine. 


Wolffe, Parkinson, and White state of their particular group that there 
is no indication of heart disease, and record a case of fourteen years ’ ob- 
servation, and no deaths in their series. 

The case described here falls into the last group and has therefore a 
good prognosis as far as present knowledge can tell. 

Mechanism of the Bundle-Branch Block . — Yarious views have been 
formulated on the mechanism of this form of bundle-branch block. There 
is no record of a post-mortem examination with careful histological re- 
search on a case of this kind. 

Yagal tone has been considered to be the causative factor, and Wolffe, 
Parkinson, and White favor this view. Thej- postulate a paradoxical 
vagal effect as the explanation of the shortened P-R interval, or in 
other words, release of vagal tone is accompanied b,v lengthening of the 
P-R interval. In their report of eleven eases thej’- record that vagal 
compression in one case changed a normal t^Tie of curve to that of 
widened QRS and shortened P-R interval, while exercise in another case 
restored a normal curve which, with the person at rest, showed intra- 
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ventricular block. In two other eases intraventricular conduction was 
normal during attacks of paroxysmal tachycardia; there was no record 
of variation in the intraventricular conduction in four cases. 

Wilson described a patient who, on taking a deep breath, changed a 
normal ventricular conduction into that characteristic of intraventricu- 
lar block; the P-R interval also shortened from 0.17 second to 0.1 second. 

Hering® recorded abnormal ventricular complexes during vagal stimu- 
lation in a dog, in which each abnormal ventricular complex was pre- 
ceded by an auricular complex. 

On the other hand Sigler^* recorded a return to noi-mal intraventricu- 
lar conduction in two eases of bundle-bran eh block, one after thirty 
hops and the other after vagal compression. Also Gaskell' showed that 
the rate of conduction from auricle to ventricle may be depressed by 
vagal stimulation in animals, i.e., P-ll interval increased; and Ritchie’® 
found that compression of the vagus docs not as a rule cause any depres- 
sion of conductivity in the auriculoventricular bundle, although rarely 
compression of the right vagus may lengthen the auriculoventricular 
conduction time. No mention is made of decrease of auriculoventricular 
conduction time. Ritchie also found no change in the length of ventricu- 
lar systole, with one exception Avhen a ventricular beat lengthened from 
0.35 .second to 0.45 second. 

Lewis and Master’'* found that 2:1 heart-block could be produced in 
the mammalian heart by vagal stimulation, but that the refractory period 
of the tissue concerned in auriculoventricular conduction is le.ss in- 
fluenced than that of auricular muscle by vagal stimulation. 

Drury and Mackenzie'* proved by their experiments that vagal stimula- 
tion in the dog has no influence on impulses spreading in the bundle 
branches or through ventricular muscle. They postulate that vagal 
stimulation maj’’ increase the gradient of decrement at higher levels 
(e.g., auriculoventricular bundle) or decrease the impulse strength at 
this higher level, then the impulse will be below normal strength when 
it arrives at the bundle branches. They state that a local condition con- 
stantly present and not connected with vagal stimulation may steepen 
the gradient more in one branch than the other so that the weakened 
impulse vdll be relatively more delayed in one branch than the other 
or even run to extinction. 

In those conditions in which complete vagal heart block is present and 
the idioventricular beats are abnormal they feel that the more likely 
explanation is that impulses arise in the bundle above its bifurcation 
and are subject to decremental conduction rather tlian that they arise 
in a bundle branch. 

Einthoven® described flattening and inversion of the T-waves in the 
dog during vagal compression, but no mention of change in the P-R or 
QRS intervals. 
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Tlie exiierimeni ivitli atropine on tlie case described did not aftect tlie 
P-R interval or the wide QRS wave, but did tend to elevate the T-waves. 
Vagus compression and exercise were without effect. 

To sum up mth regard to the vagal theory; Wolffe, Parkinson, and 
White, and Wilson and Hering, bring some experimental reasons in its 
favor, but it is difficult to correlate them with tlie generally accepted 
views of vagus function. Also in tlie case described apart from the 
change in the T-waves, after atropine injection, there was no evidence of 
vagal influence. 

Pezzi believed that tlie abnormality of the ventricular complex was 
due to a paraseptal rhythm which would also explain the short P-R 
interval. The jiresence of ectopic ventricular beats in other cases, the 
vertical P-wave and the permanence as a rule of the condition, do not 
support his theory. 

Holzmaiin and Selierf^” postulate an abnormal path comiecting the 
auricle and ventricle which misses the auricular and ventricular nodes. 
WoKerth and Wood-® write that aU the data so far obtained are in 
keeping with the possibility that an accessory pathway of auriculo- 
ventricular conduction (such as described by Kent between right auricle 
and right ventricle) could be responsible for the phenomena manifested 
by these eases. The anatomical evidence of this path is not, however, 
eompleteV conclusive. 

Measurements of P-T and P-S times in this tracing, in normal tracings, 
and in ordinary bundle-branch block tracings have been given for com- 
parison as it has been suggested that there is no lengthening of the total 
P-T periods as in ordinaiy bundle-brancli block. 

It has been postulated that the QRS is prolonged as there is a pre- 
mature contraction of one bundle due to the impulse passing down the 
bundle of Kent instead of in the auriculoventricnlar bundle with result- 
ing shortening of the P-R interval.® 

It is difficult to believe any of the functional theories and not to feel 
that there is probably a mechanical abnormality in the bundle-branch 
system due to a local nonprogressive lesion. The fact that normal intra- 
ventricular conduction may sometimes occur temporarily is not a contra- 
indication to a lesion in the bundle. Hermann and Ashman described 
transient normal intraventricular conduction with lengthening of the 
P-R interval in the presence of apparently complete bundle-branch 
block in persons with gross disease of the heart : these periods of normal 
conduction tended to happen after rest. Baker brought about temporary 
disappearance of bundle-branch block by rest and also bj* administering 
oxygen to an old man with myocardial disease. In the ease of the yoiuig 
man which I have investigated I feel that there is either an area of 
fibrosis interfering with one of the bundle branches or possibly a con- 


•It should he noted that the P-H interval in this tracing- is onlj- slightlj- shortened 
(0.1 .second). 
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genital abnormality in the bundle-branch conducting system, e.g. bundle 
of Kent. There is no evidence, at the moment, in his case of any varia- 
tion in the ventricular conduction. 

SUMMARY 

A case of bundle-branch block Avith a slightly shortened P-R interval 
in a normal young man is described. 

Electrocardiograms were taken after deep breathing, pressure on the 
vagi, exercise, and after giving sodium trinitrini by mouth, and showed 
no change. 

Injection of one-hundredtli of a grain of atropine subeufaneously 
tended to elevate the T-Avaves in Leads II and III. 

References are made to numerous theories on the mechanism of bundle- 
branch block in normal persons and also to eases described by other au- 
thors. 
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COMPLETE HEART-BLOCK IN ACUTE RHEUMATIC FEVER 

Case Report 

Alfred M. Wedd, M.D. 

Rochester, N. Y. 

/COMPLETE lieart-block is but rarely enoountered in acute rbeumatic 
fever. In 1932, Wedd^ reported one case of transient block with 
complete recovery, and revie-\ved recent literature. Since then there 
have been a few isolated case reports. In that papei*^ two instances 
of partial block in acute rbeumatic fever were also described, and be- 
cause of changes which occurred during the course of the disease it 
was suggested that such block might be on a functional basis and not 
necessarily dependent on structural change. Atropine was not tried 
in those eases, but later I cited an example of reduction b}' atropine 
in the degree of high-grade partial block which had followed a severe 
throat infection.'^ Recently BrueniP has reported transient diminution 
by atropine of the prolonged conduction time in 19 of 22 cases of acute 
.rheumatic fever in which the test was made, and he concluded that 
the conduction impairment of that disease was due, at least in part, 
to increased vagal tone. Such observations are of considerable interest 
in relation to those of G-ross and Pried,- who found minimal changes 
in the conduction sj'stem in acute rheumatic fever. Vascular changes 
appeared to them more frequent and more conspicuous than exudative. 
It is possible that the relief of block by atropine might be partly due 
to increased coronary flow, such as occurs in the experimental animal, 
although the dilator action of atropine is seldom marked, and when 
present is probabU’- part of vagal release. In a case of transient com- 
plete block which followed thrombosis of the right coronary artery, 
block did cease for a short period four to six minutes after the sub- 
cutaneous injection of 2 mg. of atropine, but this effect probably re- 
sulted from the faU in auricular rate from 75 to 65 beats per minute 
during the early stimulating phase of atropine action ; when the auricu- 
lar rate rose to 112 per minute a 2;] block was established. The 
atropine response in the present case seems comparable to the termi- 
nation by that drug of complete block that has been produced b}^ 
digitalis," and lends further support to the idea that a vagal factor is 
largely responsible for such block. Since this patient was of an mmsn- 
allj’" placid temperament and syncopal attacks and block occurred only 
after physical strain, it would seem that in this ease tlie origin of 
heightened vagal tone was in the heart, and not in the medulla, as 
Bruenn argued for his patients. The therapeutic importance of con- 

759 



760 


THE AMERICAN HEART JOURNAL 


sidering a functional factor in tlie heart block of acute rhemnatie 
fever, and the possibility of its relief by atropine, is brought out in 
the following ease history. 

The patient, an unmarried woman forty-one years of ago, was admitted to tiie 
hospital July 31, 1930. At the age of twenty-one years she had diphtheria. Re- 
current attacks of tonsillitis had occurred xwevious to tonsillectomy in 1929. Several 
teeth had been extracted during recent years because of hypertrophic arthritis which 
had graduallj' developed in several finger .ioints. On July <1, she had gone swimming. 
She stated that she remained too long in the water and became chilled. Two days 
later she experienced severe pain in the right elbow, but thought it had resulted from 
a bruise. Two days after that, because of continued pain, she consulted an oslcopalh, 
who found her temperature to be 103“ F. The elbow remained f)ainful for about 
one week. During the middle of July there was i)ain and swelling in the right ankle 
joint. An ointment had been applied to the painful joints, and there were no signs 
of acute arthritis at the time of admission to the hospital. Throughout the entire 
month the patient frequently experienced ju-ofuse sweating, especially at night, and 
she knew that fever had been present at least pait of the day. However, she had 
continued her work as a telephone operator up to the time she came to the hospital. 
For two days before giving up she noticed unusual shortness of breath on climbing 
a single flight of stairs. She also described throbbing of the heart, a feeling of 
weakness in the heart, and at times burning beneath the sternum. Three days l>eforo 
admission to hospital while on a long motor trip she complained of aching in the 
precordial region. During the last week of July giddiness and faintness occurred 
after going up stairs. On the evening of July 30, she consulted her local phy.sician 
and while in his office fainted. The next morning she had another syncopal attack 
and was then sent to the hospital. No drugs had been administered. 

'iVlien first seen the woman appeared critically ill. >She was vomiting, and the 
skin was pale, cold, and wet. The heart sounds were of poor quality. The rate 
was about 50 per minute but the rhythm was irregular, with long intervals between 
some of the beats. The following morning she was quite comfortable. The only 
significant abnormal findings were in the heart. The heart appeared slightly enlarged 
to the left, A gallop rhythm was heard, and at the apex a faint systolic murmur. 
The rhythm was regular, with a rate of 9G per minute. The systolic blood pre.ssure 
was 108 and the diastolic, 72. The temperature was normal. Blood examination 
showed a mild secondary anemia, and a leucocyte count of 10,800, of which 90 per 
cent were neutrophiles. In the urine there was a strong trace of albumin, hyaline, 
and finely granular casts, and a few erythrocytes. 

The patient continued free from symptoms until the afternoon of August .3, 
when following an enema a series of .syncopal attacks occurred. Three generalized 
commlsivc seizures were observed. After vomiting, a cold .sweat of extreme degree 
appeared. Only an occasional heart sound could be heard; the radial pul.se was 
imperceptible, and the blood pressure was not rneasurcablc. She was ver}' p.ale. but 
there was no cyano.sis. There was no prolonged lo.ss of consciousness, and dyspnea 
was strikingly absent. That death was imminent was the opinion of all who saw 
her, and of the patient herself. Epinephrine, first 0.3 e.c. of 1-1000 .solution, and 
five minutes later, 0.5 c.c, was injected intramuscularly without any beneficial oflecl, 
although the drug apparently caused some auricular slowing and an occasional ven- 
tricular response to an auricular impulse. Ten minutes after the second epinephrine 
injection, 2 mg. of atropine were injected deep into a deltoid rau.scle. After four 
minutes ventricular beats began to occur more frequently and an occasional beat came 
through to the wrist. Eleven minutes after atropine the cardiac mechanism became 
normal, and it remained so. The shock-like state passed off in about two hours. 
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The Teinainder of the patient's stay in the hospital was uneventful. ISTo further 
syncopal attacks occurred, nor were there any other cardiac symptoms. The moming 
follo\ving the severe attack the heart rate Avas 64 per minute, and it continued with- 
in normal range. A sinus arrhythmia Avas often present. The apical murmur dis- 
ax)pcared after the first few days. The blood pressure remained low, systolic S(i 
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to 100, diastolic, 60 to SO. FeA'er ceased promptly under salicylate medication. 
Fluoroscopic examination on September 14 showed slight uniform enlargement of the 
heart, AA'hieh was transversely placed. All electrocardiograms taken after the period 
of complete dissociation have shoAA'n intraventricular block, but a normal P-R 
interval. 
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Selected Abstracts 


de Boer, S.: Tlie Effect of Eaiiwolfine on tlie Heart and on EfbriUation of the 
Heart Chambers. Cardiologia 1: 1, 1937. 

The heart rate of frogs, cats, and rabbits decreases after poisoning with 
rauwolfine. 

The refraetory peilod of the frog’s heart increases after administration of 
rauwolfine. 

In frogs there are disturbances of the heart rhythm comparable with those 
following poisoning by digitalis compounds. 

Rauwolfine poisoning produces artificial changes of the heart rh}^!™ in the 
frog. 

After poisoning of the frog’s heart with rauwolfine the intraventricular con- 
ductivity is delayed. 

Rauwolfine does not prevent auricular or ventricular fibrillation either in cats 
or in rabbits. (If there should be any influence at all of rauwolfine on auricular 
or ventricular fibrillation this would be insignificant.) 

Authoe. 

Martini, P., and Pr. Grosse-Erockhoff: Action of Strophanthin in Pever. Arch, 
f. exper. Path. u. Pharmakol. 180: 597, 1936. 

Action of strophanthin was determined in rabbits suffering from fever experi- 
mentally produced with staphylococcus injections. It was found that these animals 
gave less response to the drug than normal rabbits. 

L. N. K. 

Lederer, E.: Capillary Circulation Studies. II. Action of Certain Drugs on the 
Circulation. Arch, f. exper. Path. u. Pharmakol. 182; 372, 1936. 

Thyroxin subcutaneouslj' causes capillary dilatation and acceleration of flow. 
Adrenalin and strychnine slow the flow. 

L. N. K. 

Lissak, K., and Kobas, P.: Symptomatology of Anaphylactic Shock in the Dog 
and the Mechanism of Its Production. Arch. f. exper. Path. u. Pharmakol. 182: 
504, 1936. 

In shock, both anaphylactic and histamine, the blood pressure drops, the spleen 
shrinks, and the bronchial muscles contract. This occurs even when the adrenals 
are, removed and the spleen is denervated. This indicates a direct humoral action 
in smooth muscle, as was demonstrated on isolated strips of spleen. The sensitivity 
of the dog to choline and acetylcholine is increased during sensitization to foreign 
protein, but the sensitivity to histamine is unchanged. 

L. N. K. 

Went, S., and Lissak, K.: The Role of Choline in the Production of Shock in the 
Guinea Pig Heart. Arch. f. exper. Path, u. Pharmakol. 182: 509, 1936. 

The guinea pig heart during anaphylactic shock liberates a substance into the 
, perfusate which inliibits the frog’s heart. (This inhibition is abolished by atropine.) 
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This perfusate has no efreet on the leech preparation (used as a specific for ncetyl- 
clioline). The acetylized perfusate works both on tlie irofr heart and on the leecli 
preparation. Tlio clioline content of the lieart in. anapliylacdc shock decreases, 
whereas histamine remains unchanged. Tlic liberated substance, from these studies, 
is thus shown to be choline, 

L. N. K, 

Weinberg, J.: Studies of Central Vasomotor Regulation. Part II. Histamin. 

Arch. f. oxper. Path. u. Pliarmakol. 185: 2.'}5, lO.'lI, 

In trained, pre%’iously trephined, unanesthetized dogs, injections of histamine 
0,01 to 0.1 mg. into the lateral ventricles gave consistent rises in Idood ])ressure of 
from 20 to 50 mm. Hg lasting from fifteen to thirty-eiglit minutes. Twenty injec- 
tions in all were given to eight dogs. One smoked drum record of the blood pres.sure 
obtained as usual from a superficial branch of the saphenous artery is otTered, The 
rise in blood pressure preceded vomiting and defecation and the animals did not ap- 
pear to be disturbed by the injection. In two instances prolonged fall in pressure 
followed the rise. The author believes that these studies make it necessary to recon 
sidcr Cushing’s invcsligatioTis in man which tended to show that histamine iiad no 
effect when given intracraniiilly. 

.T. M. S. 

Ferrannini, A. : Action of Strophanthln on the Purkin je Fibres on the Dog Heart. 

Arch, internat. de idiarmacodyn. et dc therap. 53: ."01, lO.'iC. 

The mcohanogram optically recorded and the electrogram of isolated Purkinjc 
fibers were studied. It was found that strophanfhin increased the amplitude aud 
rate of the heat of the Purkinjc fibers and altered the contour of its electriral 
curve. This drug also leads to arrliytlmiias, altemans, and contracture. 

L. N. K. 

Toumade, A., and Chcvlllot, M.: Is the Action of Vaso-Dilator Nerves Only a 

Matter of Liberation of Acetylcholine? Compt. rend. Acad. d. sc. 204; blSfi, 

1037. 

The purpose of this short note is to add to the literature two instances in whif'h 
the effects of faradization of the nerve of Hering liad different efTcefs from injec- 
tion of acetylcholine. Tlie observations were as foilow.s: 

1. Tlie left kidney of Dog I was perfused through tlic cervical vessels of Dog P, 
Stimulation of the right nerve of Hering of Dog I was followed, not only by fall in 
blood pressure and slowing of the Iieart, but as well by rnsmlUntation of the renal 
vessels. A similar reaction was obtained with 0.05 mg. acetylcholine injected directly 
into the renal artery. Then the perfusing Dog fP) received 10 mg. of atropine. 
Now electrical stimulation of the nerve was followed, as before, by renal vasodilata- 
tion while the same dose of acetylcholine was followed by marked vasoconstriction. 

2. Injection of 0.5 mg. ergotamine directly into the renal artery resulted in con- 
striction of that organ’s vessels and a rise of 5 min. Hg in tlie systemic pressure 
of Dog P. Faradization of tlic nerve of Hering was now without cfTcct while intra- 
arterial injection of acetylcholine wa.s followed by vasodilatation. When acetyl- 
choline was injected into the saphenous vein of Dog I, fall of blood pressure did 
not evoke constriction of tlie renal ves.sels perfused by Dog P. Thc.se two ob- 
Ecrvatioms suggest that ergotamine has paralyzed vasocon.striction and dilatation clue 
to nen'ous stimuli, while injection of acetylcholine can still produce vasodilatation. 

The authors assert that the theory of humoral transmission of nervous impulses 
is important, but believe that tliis mechanism is not the only one for tran8mis.sion of 
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nervous impulses. They believe that physical transmission is at least of equal 
importance. They recall the usual objections to their form of experiment, namely, 
that amq\mt of acetylcholine and site of liberation may differ from normal. 

J. M. S. 


TMel, K.: Action of Artificial Breathing. Med. E3in. 32: 633, 1936. 

Dogs were asphj'xiated under morphine anesthesia until no flow could be measured 
in the carotid artery until a Eein stromuhr. The heart was roAuved by massage and 
by artificial breathing, llfliile blood flow quickly returned to noimial, the electro- 
cardiogram remained abnormal for some time. The use of 0„ rich air did not affect 
the rate of restoration. Cardiazol and sympatol, however, did. 

L. N. K. 


Gntsev, T.: Vasomotor Centers I. Pfliiger’s Arch. f. d. ges. Physiol. 237; 609, 
, 1936. 

The author presents the effect of a large number of vasomotor substances de- 
termined before and after decapitation of dogs. No difference was noted. The 
conclusion is arrived at that these vasomotor centers play little role in the action 
of these substances. Among substances used were pituitary derivatives, acetyl- 
choline, lactic acid, ergotamine, caffeine, sodium benzoate, and histamine. 

L. N. K. 

Gollwitzer-Meier, Kl, Kramer, K., and Kriiger, E.; Action of Adrenalin on the 

Energy of the Heart. Pfliiger’s Arch. f. d. ges. Physiol. 237: 639, 1936. 

Adrenalin (1/200 to 1/100 mg.) increases the gaseous metabolism of the heart 
about 350 per cent over normal. The peak of gaseous metabolism lags behind 
the peak of work. Hence, there is an anoxybiotic phase of increased work. The 
action of adrenalin on gaseous metabolism is decreased in the presence of anoxemia, 
but unaffected by the level of venous flow and arterial resistance. The increased 
metabolism is in part brought about by increased coronary flow but chiefly by in- 
creased A-V 0„ difference. 

L. N. K. 


Puddu, V.: The Action of Cardiac Nerves. Pfliiger’s Arch. f. d. ges. Physiol. 238: 

467, 1937. 

Tlie author found that there are two phases to the changes in the electro- 
cardiogram following stimulation of the sympathetic nerves in the dog, and further 
that the right and left nerve have opposite effects on the ventricular complex. 
Both nerves appear to go to all parts of the hearts. He could not demonstrate that 
sympathin played any role. 

Following complete A-V block on cutting both bundles in the dog, vagus stimu- 
lation causes a slov-ing of the idioventricular pacemaker. The author attributes 
this to liberation of acetylcholine-like substances transported to this part of the 
heart. 

B. A. Iv. 

Sachs, A.: The Effect of Cholin Bodies on Auricular Systole. Cardiologia 1: 

74, 1937. 

The choline derivatives which were investigated had similar actions. The smallest 
doses required to diminish the force of auricular contraction were 0.1 acetylcholine, 
0.25 doryl, 1 cholinechloride, 50 cholazyl, in 40 c.e. of the fluid in which the auricular 
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musclo was suspenclccl. Smaller doses increased llic force of contraction, and still 
smaller doses were ineffective. Witli large doses slowing of the rate of contraction was 
only observed associated with diminution of force. Frequently, however, the force 
of contraction was diminished without slowing. Xo reduction of tonic activity of 
the auricular muscle was observed. The action of these compounds depends not so 
much on the absolute amount but on the effective concentration inside the cell. Tbis 
applies to acetylcholine and doryl, and to a .«ma11cr extent to cbolinccbloride and 
cliolazyl. It is suggested that this explains the variable responses obtained with 
equal doses on the same auricular Klrij). 

The auricular strip of the rabbit’s heart is suitable for flic assay of unimown 
acetylcborniedike compounds in moderate but not in the smallest concentralions. 

Atrnion. 

Zimmermann, O,; Pathogenesis of Gonococcal Arthritis, Endocarditis, and Sepsis. 

Wien, Win. Wchnschr. 49: 15] S, 193C. 

A case report is presented with a late involvement of the heart in the form of 
inflammatory perforation of the aorta through the ventricular septum into the 
right ventricle. There was a nonartliritic involvement eighteen years after 
gonorrheal urethral infection and the cardiac complication occurred six years after 
the joint involvement. This last was associated with mitral, aortic valvulitis, and 
gonorrheal sepsis. The aortic valvulitis was superimposed on a congenital bicuspid 
valve -with stenosis. 

L. N. K. 

Holzlbhncr, E.: The Respiratory Pulse (Cardiopneumogram) and the Return 

Plow of Blood to the Heart. I. Its Relation to Posture in Man- Ztsebr. f. 

Biol. 97: 409, 3936. 

A record on a man taken from the air passages during respiratory arrest showed 
a decrease in lung volume occurring at the onset of ejection of the heart and an 
increase in lung volume at the end of the ejection period. Tiio latter indicates, 
an augmented venous return flow into the chest greater than arterial outflow, 
indicating .a .systolic suction. In the extended posture the suction action is ]e.=s: 
in the flexed posture, it is augmented. The greatest suction action occurs on 
reclining and in deep inspinition. 

L. X. Iv. 

Raah, W., and Priedman, R.: The State of the Circulatory Tree in Vegetarians 

and Alcoholics. Ztsclir. f. klin. Med. 130: .505, 1936. 

It was found that alcohol excc.«s has no detrimental effect on arteriosclerosis 
and hypertension. The avoidance of meat doe.s not check the development of 
artcriosclero.sis but blood pres.sure and central va.oomotor excitability i.s dccroa.scd. 
This is e.spccially marked if eggs and milk products are also eliminated. 

L. X. K. 

Fabian, G., and Scriba, J,: The Determination of the Basedow Heart by the 

Dyspnea Test. Ztschr. f. Win. Afcd. 130: 77.3, 1936. 

CO3 dyspnea is produced and the relation of maximum depth to the rale of 
breathing is determined. This was done in 33 patients with Inqierfhyroidism. 
The older the individual the more heart involvement jirc.'-ent: the .same relation- 
ship holds with regard to the increase in basal metabolism and the duration of 
the hjqierthyroid state. 


L. X. X. 
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Wezler, K., and Goyert, K.: A Method of Demonstrating the Action of the Blood 

Pressure Regulator Nerves in Man. Ztschr. f. Kreislaufforsch. 29: 241, 1937. 

Tlie authors made the tests by determining in optically recorded pulse curves 
(1) the period of free oscillation of the carotid artery (from the duration of the first 
dip, in the peak of the carotid pulse times 2), (2) the ratio of the pulse -wave 
velocity in muscular arteries (viz. brachial-radial) over that in elastic arteries (viz. 
aorta-iliac) and (3) the ratio of duration of sj''stole to cycle length in the carotid 
pulse. The first of these is used as an index of the magnitude of the stimulus. It 
varied inversely vrith the endovascular pressure (and hence also inversely vrith the 
pulse wave velocity). The second is used as an index of the state of contraction of 
the muscles in the, media of the muscular arteries. The third is used as an index of 
the reflex action on the heart. A pressure drop in animals causes an acceleration 
of the pulse and an increase in the systole/eycle ratio. The authors have demon- 
strated that reflexes operate not only on heart and peripheral blood vessels but 
also alter the elasticity of the larger arteries. In a single individual where five 
separate sets of readings were obtained, it was found that as free oscillation in the 
carotid lengthened, the ratio of pulse w'ave velocities decreased, the heart accelerated 
and systole/cycle ratio lengthened. Similar correlations could be made out on com- 
paring a group of normal individuals, but there was a difference between the stand- 
ing and prone positions. The authors demonstrated that a high sympathetic tone in 
arteries was associated with a low sympathetic tone in the heart due to reflexes from 
the blood pressure regulators. 

L. N. K 


Tietze, K.: Action of Baths on Circulation Time in Man. Ztschr. f. Kreis- 
laufforsch. 29: 354, 1937. 

The method of Matthes and hlalikiosis for circulation time was used. It con- 
sists of holding the breath as long as possible after taking a breath of a COj rich 
atmosphere. The O, saturation of arterial blood in the ear and the hand is measured 
by an indirect method in the unopened blood vessels and the time from the first 
breath until the blood be^ns to show an increase in O, saturation is used as a 
measure of circulation time from the lung to the ear and from the lung to the 
arm. Hot baths caused a shortened circulation time and cold baths increased the 
circulation time. The same effect was produced by cold and hot applications to 
one extremity. Similar changes with the baths were found in minute volume flow 
determined bj^fhe arteriovenous difference of O, (where the venous blood obtained 
is not stated) using the Fick principle. 

L. N. K. 


Schlomka, G., and. Vienken, W.: Studies on the Physiological Irregularities of the 
Heart Beat. II. The Relation Between Respiratory Arrhythmias and Respira- 
tory Alterations in Electrocardiographic Configuration. Ztschr. f. Kreislauf- 
forsch. 29: 194, 1937. 

The authors determine the type index of the electrocardiogram by the following 
formula; 

T _ CQ. - 

^ (O + U) max. 

where O, and O3 are the magnitudes of the major upright phase of QBS in Leads 
I and II, U, and IJ3 are the magnitudes of the major do^vnwa^d phase of QRS in 
these leads, and (O and IJ) max. is the sum of the major upright and major inverted 
phases of iQRS in either Lead I or III, depending on which value is the largest. The 
, authors also determined the variation of the tj-pe index during the respiratory cycle 
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by the dilTcrence between the inspirnlory and expiratory type index. Tiic analysis 
is based on 38 electrocardiograms. They argue that this index give.s evidence of 
the functional state of the heart. On this basi.«, tliey attribute clianges in the 
electrocardiogram during respiration to hemodj-natnic alterations of the lieart. (Tlie.se 
interpretations are speculative and need furtlier support.) 

L. K. K. 

Schlomka, G., and Tlielss, O.; Determination of the Relative Duration of Systole. 

n. Relative Duration of Systole in Hypertension. Zt.<chr. f. Krei.‘=laufi‘or.<-ch. 29; 

385, 1937. 

The correlation factor between the cycle length and the cube root of the Q-T 
interval was determined in 287 case.«. In general the relative duration of .«y.«tole is 
longer in hyperleiisi\X‘s than in normal.^, and this lengthening is projmrtional to the 
pressure level. Aging eause.s a lengthening in systole in hyp(‘rfen.‘'iv(».-i a.« well jis in 
normals. Purlher, the range of systolic duration -at different lieart rate." i.s greater 
in hypertensive.s than in normal.". The lengthening of systole is viewed by the 
authors as the result of iiisuflicicncy of the heart, which acts to permit ;i greater 
output than would otherwise be possible. 

L. N. K. 


V. Zdrday, I.: Dnu.sual A-V Conduction Dhsturbanccs. Ztschr, f. Ivrei.>:laufFor.“cii. 

29: 208, 1937. 

A case of short P-Il interval and increased duration of QRS is reported in v.'hich 
prccordial leads were used to analyze the disturbances further. Tiicse indicated 
early stimulation of the right and late stimulation of the left ventricle. This is 
attributed, as has been done prcviou.«ly, to conduction to the right ventricle via the 
bundle of Kent or some other abnormal junctional bridge. When the heart rate was 
accelerated, it was found that P-R lengthened and QRS dunifion shortened but the 
duration from the beginning of P to the end of QRS was unchanged. This is 
interpreted as indicating blof.lt in the abnormal junctional bridge. 

L. K. K. 

Steimnann, B.: The Electrocardiogram in Carbon-Monoxide Poisoning. Ztschr. 

f. KreislaufTorsch. 29: 281, 1937. 

Twenty-one of the thirty ca.se.s of carbon-monoxide ])oisoniug showed electro- 
cardiographic evidence of myocardial damage. In nine cases with mild poisoning, no 
electrocardiographic abnorm.alities were seen. These changes in the electrocardiogram 
are reversible. No instance of persistent damage could be domoustrated. The 
change.s were chiefly depression of the S-T segment and flattening of the T-wave. 
These are attributed to the anoxia. 

L. N. K. 

Risemau, Joseph E., and Brown, Morton G.: The Sedimentation Rate in Angina 

Pectoris and Coronary Thrombosis. Am. .T. il. Sc. 19i: 392. 1.937. 

The corrected sedimentation index was studied in 113 per.sons: 37 with 
coronary thrombosis, 55 with angina pectoris, and 21 apparently normal person." be- 
tween the ages of forty-five and seventy. 

Elderlj individuals, ^Mthout any evidence of disease, mav have a corrected 
sedimentation index slightly higher (np to 0.70) than the accepted normal for young 
adults. 
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A moderate elevation of the corrected sedimentation index (0.73 to 1.38) vras 
found in over half of the patients ■with angina pectoris. There is reason to believe 
that attacks of angina pectoris occasionally result in myocardial damage. 

An elevated sedimentation rate is one of the most constant manifestations of 
coronary thrombosis. The fastest rates were observed between the fourth and twelfth 
days after the onset of symptoms. 

In two-thirds of the cases the rate was considerably greater than that seen in 
angina pectoris; this maj* be of value in differentiating between angina pectoris and 
coronary occlusion during the tirst two weeks after the onset of an attack. 

The sedimentation rate reflects the course of the disease and is an aid in follow- 
ing the progress of the patient but is of little or no aid in the prognosis of the 
acute attack. 

The mortality of patients discharged from the hospital with fast sedimentation 
rates was twice as great during the fir.st year after discharge as tliat of patients 
discharged with low or normal rates. It is ad^isable to continue bed rest until 
the sedimentation index either returns to normal or shows no further progression 
towards normal. 

Author. 

Palmer, J. H. : The Size of the Heart After Coronary Thrombosis. Canad. kl. A. 

J. 36: 387, 1937. 

Enlargement of the heart was found by radiological methods in 64 per cent of 
a series of 200 patients wiio had sur\ived an attack of coronary thrombosis. 
Doubtful enlargement, 16 per cent of the series, was for the purpose of this paper 
added to the normal group, but the high incidence of enlargement in published 
necropsies favors the view that these doubtful hearts are in reality enlarged. 

The factors causing enlargement after coronary thrombosis are discussed. By 
far the most important proved to be hypertension, which was lield to be the 
single or predominant cause in more than 80 per cent of all cases with enlarge- 
ment. 

Disease of the coronary arteries, either the actual thrombosis with its resulting 
infarction or the underhung arteriosclerosis, led to increase in the size of the heart 
in a total of 11 cases (8.6 per cent). Of these, 4 (3.1 per cent) had cardiac 
aneurysm, 3 (2.4 per cent) had a bundle-branch lesion, and the remaining 4 (3.1 
per cent) had enlargement, apparently due to clironic myocardial ischemia alone. 

Ho example of so-called acute dilatation of the heart was discovered among 27 
patients examined radiologically within a month of the attack. Congestive failure, 
which was not seen in hearts of normal size, seldom led to an appreciable increase 
in the degree of enlargement. 

About one-third of the patients (36 per cent) failed to show or to develop en- 
largement, though W’atched over periods averaging more than three years follo'^ving 
the first attack of coronary thrombosis; and this number included several with re- 
current attacks. . 

Author. 

Palmer, ff. H.: The Prognosis Following Becovery From Coronary Thrombosis, 

With Special Beference to the Influence of Hypertension and Cardiac Enlarge- 
ment. Quart. J. Med. 6: 49, 1937. 

The prognosis, with sjrecial regard to the influence of hypertension and cardiac 
enlargement, has been studied in 212 cases of coronary thrombosis which survived the 
attack by three months. 
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More tlian one-fourth were able to lead fairly active lives. In the remainder, 
angina of effort and dyspnea on exertion (including chronic congestive failure) were 
the most important symptoms causing restriction of activity or invalidism, and 
these were operative in almost equal proportion. The active group lived longer 
following the attack than the restricted. 

The onset and incidence of angina after coronary thrombosis were not related to 
tho height, or changes in the height, of the blood pressure, or to the size of the 
heart. Angina of every grade of severity, including that compatible with a fairly 
active life, occurred in 39 per cent of cases prior to the attack and in 58 per cent 
of case.s following it] in less than 10 per cent did prior angina fail to recur after 
tho attack. The presence of subsequent angina did not affect the average duration 
of life. 

The incidence of dyspnea severe enough to cause restriction of activity followed 
closely the incidence of cardiac enlargement. Ilyportcnsion was not more frequent in 
the dyspneic group tlian in the whole scries. 

Congestive failure, which affected 13 per cent of the series, was found only in 
patients with enlarged hearts. 

Subsequent attacks of coronary tlirombo.si.s occurred in 26 jKjr cent, about half of 
them during tho first two years. The incidence of these attacks was unrelated to 
the height of tho blood pressure, but was somewhat higher in cases with enlargement 
than in those with hearts of normal size. About onc-fifth of thc.=^e .subsequent attacks 
were fatal. 

Tho duration of life following the attack averaged 4.2 years in 0,5 cases known 
to have died. Hjq)crtcnsivcs appeared to have a sornewliat more favorable outlook 
in this regard than nonhj'pertcn.sivcs. The groups with cardiac enlargement and vith 
conge.stive failure showed a slight reduction in the duration of life, which was, how- 
ever, unaffected in the average by further attacks of eoronarj' thrornbosi.^. 

A statistical table is presented showing the rate of survival based on experience 
of the scries. 

Short summaries are given of the hi.storJe.s of eleven patient." (5 per cent of the 
series) known to have lived for more than ten years following the nttack. 

Blood pressure changes and the height of the blood pressure following recovery 
from an attack of coronary' thrombosis arc on the whole of little signiflcjince. 

Cardiac enlargement is a most important factor in cau."ing re.«triction of activity: 
the expression of its influence is dyspnea on exertion, and in the most severe case." 
congestive failure. 

The probability that following recovery from an attack of coronary Ihrombosm 
a patient will be able to lead a fairly active life is almost twice a.s great in those 
with normal sized hearts as in those with cardiac enlargement. 

A UTJiom 

Kiscli, Bruno: Interpolated Ventricular Extrasj'stoles. Cardiologia 1: SS, 1037. 

Eeport of records of a ease u-itb interpolated ventricular extrasystoles. The de- 
layed conductivity of the contraction following the interpolated systole is the greater 
when (a) the general conductivity in the heart is less efficient, and (b) when the time 
between extrasystole and the following contraction is le.ss. 

The delayed conductivity following an interpolated cxtra.systole is the .same 
])hcnomenon as in what is known as ^^IVenckcbuchsche Berioden. The occurrence 
of the preventricular wave (described in an earlier paper as “ Zwiscbenzacke ”) 
in the electrocardiogram of a heart beat with greatly delayed conductivity is further 
evidence that these preventricular waves ("Zwischenzaeken’'*) are significant of ab- 
normal conductivity. 


Author. 
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Bemheim, Alice B., and London, Isaliel M.: Arteriosclerosis and Thrombo- 
angiitis Obliterans: Eeport of Cases and Treatment. J. A. M. A. 108: 2102, 

1937. 

Ninety-nine cases of arteriosclerosis of the extremities and 54 cases of thrombo- 
angiitis obliterans vrere treated. Belief of vasospasm was considered important, 
because, it is an underljdng ijrocess in both diseases. Treatment of r-asospasm 
consisted in the use of measures to eliminate the following causes : tobacco, improper 
diet, worry, undue physical exertion, and cold. An increase in blood rdscosity was 
found in patients with arteriosclerosis as well as in those with thronibo-angiitis 
obliterans. For this reason, sodium citrate was given in all cases presenting severe 
sjunptoms. Decreases in viscosity of from 1 to 2 points followed the intravenous 
injection of 250 c.e. of a 2 per cent solution of sodium citrate. There was improve- 
ment in 83 of the cases of arteriosclerosis, and in 43 of the cases of thrombo-angiitis 
obliterans. 

H. M. 

Allen, Edgar V., and Crisler, George B.: The Eesult of Intra-Arterial Injection of 

Vasodilating Drugs on the Circulation: Observations on Vasomotor Gradient. 

J. Clin. Investigation 16: 649, 1937. 

The vasodilating drugs, papaverine hydrochloride, acetyl B-methylcholinc 
(mecholyl), and histamine, cannot be “fixed” in an extremity to any great degree 
by injecting them into the lumina of arteries supplying the extremities. For example, 
the results on the temperature of the toes of the right foot of injecting mecholyl into 
the right femoral artery are about the same as those which follow the injection of 
mecholyl into the brachial artery. 

The lower extremities contrasted to the upper extremities are relatively very refrac- 
tory to. vasodilating agents, as shown by the fact that the vasodilating drugs used 
produced moderate to marked increases in temperatures of the fingers and no increase 
or very little increase in the temperatures of the toes regardless of whether 
papaverine and mecholyl were injected into the femoral artery, into the brachial 
artery, or intravenously or intramuscularly. This refractoriness of vasodilatation in 
the lower extremities seems intimately associated in some way, as yet unexplained, 
with the much higher incidence of chronic occlusive arterial diseases in the lower 
extremities as contrasted with the incidence in the upper extremities. 

Author. . 

Springonim, W.: The Influence of Local Thermal Stimulation Upon the Flow of 

Blood Through the Skin. Arch. f. d. ges. Physiol. 238: 517, 1937. 

By placing a small Rein stromuhr on the artery leading to the ear of a dog, 
a teclinique previously described by the author and abstracted a few months ago in 
this journal, Springorum was able to follow changes in the flow of blood to the 
ear while immersing it in cold or hot baths. He studied this problem anew because 
most of the methods for estimating change in blood flow to the skin have been in- 
direct ones while this is direct. 

Large dogs were lightly anesthetized, usually with morphine pernocton, sometimes 
with chloralose. The drug used for anesthesia made little diflcerence but as anesthesia 
was gradually deepened the reaction to heat was first lost, then that to cold. 

The importance of the work lies in the quantitation of the reactions and the 
timing of their appearance following the stimulus through the use of optical record.^: 
of unusual excellence. The results are somewhat as follo%vs: (1) Increase in flow 
on raising the temperature from 20° to 40° is about four to six times. Decrease 
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in flow from room temperature to 13° may amount almost to complete stoppage. 
(2) Repeated application of heat tends to reduce progressively the speed of de- 
velopment of and ultimate height of the reaction. (.3) Many times reactions to 
heat were slight and occasionally even absent. The circumstanco.s under which these 
failures occurred were not quite clear to the author. The reaction to cold was ap- 
parently more constant. (4) The increase in flow of blood in response to warmth 
begins after a latent period of ten to twenty seconds and tahes place very abruptly. 
Decrease in flow with cold begins at once and progre.«se8 slowly and steadily. 

The author concludes, therefore, that the one reaction cannot be thought of as 
the revcr.sal of the other and that the mechanisms of inducing the responses must 
consequently bo quite different. He can say nothing about denervated preparations 
since he was unable to verify completeness of denervation. The c.arrying out of this 
procedure would seem a useful complement to the present worh. He concludes 
tentatively that nervous elements must play a large part in regulating the reactions 
to local thermal .stimuli. 

.T. IL S. 

MUller, A.: Thrombophlebitis and Its Treatment With Ambulant Compression 

Bandages. I^fcd. Klin. 33; 70.3, 3037. 

The author discusses the parts played by local inflammation and slow'ing of the 
blood stream in thrombosis and apj)ears to Imlicvc that slowing of the stream is 
more important. After reviewing literature of figures on tlic outcome of phlebitis, 
it became apparent that the u.«e of Fischer's compression lianriage gave better 
results and ho therefore began to use it. Out of several hundred patients, R.") 
wore thromboses of the deep veins, and 12 were po.stopcrati%'e. Only 2 deaths oc- 
curred, both witli pulmonary infarcts. The autlior slates tliat long standing ca-'es 
with considerable edema and induration often cleared up in a very short time — 
tsvo to five days — with almost immediate disajipearancc of jiain. He emj)hasi7.es the 
fact tlmt it can be applied over ulcers to great advantage and appears to be es- 
pecially useful in aborting early painful thrombose.s. 

The rationale is making .smaller the venous cros.s-soctkm and therefore the flow 
of blood more rapid. He recommends llic use of stitT sized clotii for compre-ssion 
bandages wrapped over softer supporting bandages and wads of padding for the 
bony prominences of foot and tibia. The knee is left free e.xcept periiap.s for 
stockinette and the thigh is bandaged lightly with an elastic bandage. The com- 
pression bandage must be u.s liglitly wrapped as ])Os.siblo without stopping arterial 
flow. Unless there are other contraindications the juitlent is kept up and active. 

J. M. S, 
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